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Title  10 — Energy 

CHAPTER  II — FEDERAL  ENERGY 
ADMINISTRATION  1 
PART  430 — ENERGY  CONSERVATION 
PROGRAM  FOR  APPLIANCES 

Test  Procedures  for  Conventional 
Ranges,  Conventional  Cooking 
Tops,  Conventional  Ovens,  Micro- 
wave  Ovens,  and  Microwave/Con¬ 
ventional  Ranges 

AGENCY:  Department  of  Energy. 
ACTION:  Pinal  rule. 

SUMMARY:  This  rule  prescribes  final 
test  procedures  for  conventional 
ranges,  conventional  cooking  tops, 
conventional  ovens,  microwave  ovens, 
and  microwave/conventional  ranges. 
DOE  has  determined  to  continue  the 
delay  in  the  publication  of  test  proce¬ 
dures  for  any  class  of  the  type  of  cov¬ 
ered  product  designated  by  the  Act  as 
“kitchen  ranges  and  ovens”  other  than 
conventional  ranges,  conventional 
cooking  tops,  conventional  ovens,  mi¬ 
crowave  ovens,  and  microwave/con¬ 
ventional  ranges.  Appliance  test  proce¬ 
dures  are  one  element  of  the  energy 
conservation  program  for  appliances 
required  by  the  Energy  Policy  and 
Conservation  Act.  The  effect  of  this 
action  is  to  establish  standard  meth¬ 
ods  of  testing  when  testing  is  required 
by  the  Act  or  by  regulations  imple¬ 
menting  other  parts  of  the  program. 

EFFECTIVE  DATE:  June  15, 1978. 

FOR  FURTHER  INFORMATION 
CONTACT: 

James  A.  Smith  (Office  of  Conserva¬ 
tion  and  Solar  Applications),  Room 
307,  Old  Post  Office  Building,  12th 
Street  and  Pennsylvania  Avenue 
NW.,  Washington,  D.C.  20461,  202- 
566-4635. 

Jim  Mema  (Media  Relations),  Room 
3104,  Federal  Building,  12th  Street 
and  Pennsylvania  Avenue  NW., 
Washington.  D.C.  20461,  202-566- 
9833. 

Michael  T.  Skinker  (Office  of  Gener¬ 
al  Counsel),  Room  7148,  Federal 
Building,  12th  Street  and  Pennsylva¬ 
nia  Avenue  NW.,  Washington,  D.C. 
20461.  202-566-9750. 

SUPPLEMENTARY  INFORMATION: 

A.  Background 

On  October  1,  1977,  the  Department 
of  Energy  (DOE)  assumed  the  Federal 


*  Editorial  Nots.— It  is  contemplated  that 
Chapter  II  will  be  renamed  at  a  future  date 
to  reflect  the  fact  that  it  contains  regula¬ 
tions,  such  as  this  regulation,  administered 
by  the  Office  of  Conservation  and  Solar  Ap¬ 
plications  of  the  Department  of  Energy. 


Energy  Administration’s  (FEA)  au¬ 
thority  under  the  Energy  Policy  and 
Conservation  Act  (Act)  (Pub.  L.  94- 
163),  with  regard  to  the  energy  conser¬ 
vation  program  for  appliances,  pursu¬ 
ant  to  section  301  of  the  Department 
of  Energy  Organization  Act  (DOE  Act) 
(Pub.  L.  95-91). 

The  Department  of  Energy  hereby 
amends  Part  430,  Chapter  II  of  Title 
10,  Code  of  Federal  Regulations,  in 
order  to  prescribe  test  procedures  for 
conventional  ranges,  conventional 
cooking  tops,  conventional  ovens,  mi¬ 
crowave  ovens,  and  microwave/con¬ 
ventional  ranges  pursuant  to  Section 
323  (42  U.S.C.  6293)  of  the  Energy 
Policy  and  Conservation  Act  (Act) 
(Pub.  L.  94-163).  These  test  procedures 
were  proposed  by  DOE  by  notice 
issued  on  December  21,  1977  (42  FR 
65576,  December  30, 1977),  which  solic¬ 
ited  oral  and  written  comments  from 
interested  persons  and  a  public  hear¬ 
ing  on  the  proposed  test  procedures 
was  held  on  February  16,  1978.  A 
notice  correcting  a  number  of  provi¬ 
sions  contained  in  the  proposed  test 
procedures  was  issued  on  February  7, 
1978  (43  FR  6234,  February  14,  1978). 

By  notice  issued  on  May  24,  1977  (42 
FR  27896,  June  1,  1977),  FEA  estab¬ 
lished  Subparts  A  and  B  of  Part  430, 
Chapter  II  of  Title  10,  Code  of  Federal 
Regulations.  By  notice  issued  on  April 
5,  1978  (43  FR  15138,  April  11,  1978). 
DOE  established  Subpart  C  of  Part 
430,  Chapter  II  of  Title  10,  Code  of 
Federal  Regulations.  Certain  defini¬ 
tions  and  general  provisions  applicable 
to  the  energy  conservation  program 
for  appliances  have  been  promulgated 
in  Subpart  A.  Final  test  procedures  for 
room  air  conditioners,  central  air  con¬ 
ditioners,  dishwashers,  clothes  dryers, 
water  heaters,  television  sets,  electric 
refrigerators,  electric  refrigerator- 
freezers,  freezers,  clothes  washers,  hu¬ 
midifiers,  and  dehumidifiers  have  been 
prescribed  in  Subpart  B.  Test  proce¬ 
dures  for  furnaces  and  vented  and  un- 
vented  home  heating  equipment  have 
been  proposed  for  inclusion  in  Subpart 
B.  Appliance  energy  improvement  tar¬ 
gets  for  refrigerators,  refrigerator- 
freezers,  freezers,  dishwashers,  clothes 
dryers,  room  air  conditioners,  televi¬ 
sion  sets,  humidifiers,  dehumidifiers, 
and  central  air  conditioners  have  been 
prescribed  in  Subpart  C.  Several  other 
targets  have  been  proposed  for  inclu¬ 
sion  in  Subpart  C. 

An  outline  of  the  provisions  of  Sub¬ 
parts  A  and  B  of  Part  430  which  have 
so  far  been  established,  including  pro¬ 
visions  in  today’s  rulemaking,  is  as  fol¬ 
lows: 

Subpart  A— General  Provisions 

Sec. 

430.1  Purpose  and  Scope. 

430.2  Definitions. 

Supart  A— General  Provisions 

430.21  Purpose  and  Scope. 


Sec. 

430.22  Test  Procedures  for  Measures  of 
Energy  Consumption. 

(a)  Refrigerators  and  regfrigera tor-freezers. 

(b)  Freezers. 

(c)  Dishwashers. 

(d)  Clothes  dryers. 

(e)  Water  heaters. 

(f )  Room  air  conditioners. 

•  •  •  •  • 

(h)  Television  sets. 

(i)  Kitchen  ranges  and  ovens. 

(j)  Clothes  washers. 

(k)  Humidifiers. 

(l)  Dehumidifiers. 

(m)  Central  air  condltoners. 

430.23  Units  to  be  Tested  [Reserved] 

430.24  Representations  Regarding  Meas¬ 
ures  of  Energy  Consumption. 

(a)  Refrigerators  and  refrigerator-freezers. 

(b)  Freezers. 

(c)  Dishwashers. 

(d)  Clothes  dryers. 

(e)  Water  heaters. 

(f)  Room  air  conditioners. 

•  •  •  •  # 

(h)  Television  sets. 

(i)  Kitchen  ranges  and  ovens. 

(j)  Clothes  washers. 

(k)  Humidifiers 

(l)  Dehumidifiers. 

(m)  Central  air  conditioners. 

Appendices  to  subpart  B 

Appendix  Al— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Electric  Refrigerators  and  Electric  Re¬ 
frigerator-Freezers. 

•  •  a  a  a 

Appendix  B— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Freezers. 

Appendix  C— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Dishwashers. 

Appendix  D— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Clothes  Dryers. 

Appendix  E— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Water  Heaters. 

Appendix  F— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Room  Air  Conditioners. 

•  •  •  •  • 

Appendix  H— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Television  Sets. 

Appendix  I— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Conventional  Ranges,  Conventional 

Cooking  Tops,  Conventional  Ovens,  Mi¬ 
crowave  Ovens  and  Microwave/Conven¬ 
tional  Ranges. 

Appendix  J— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Clothes  Washers. 

Appendix  Kl— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Central  System  Humidifiers. 

Appendix  K2— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Room  Humidifiers. 

Appendix  L— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Dehumidifiers. 

Appendix  M— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Central  Air  Conditioners. 
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B.  Discussion  of  Comments 

Comments  were  received  from  indi¬ 
vidual  manufacturers,  trade  associ¬ 
ations,  and  the  Consumers  Union 
(CU),  a  consumer  oriented  nonprofit 
organization.  Most  of  the  comments 
were  directed  toward  technical  areas 
of  the  proposed  test  procedures,  al¬ 
though  some  of  them  were  specifically 
directed  toward  the  information  that 
was  to  be  placed  on  the  label.  Those 
comments  directly  concerned  with  the 
content  of  the  label  were  applicable  to 
the  labeling  program  under  section 
324  of  the  Act,  rather  than  to  the  pre¬ 
scription  of  final  test  procedures,  and 
were  therefore  forwarded  to  the  Fed¬ 
eral  Trade 'Commission  for  considera¬ 
tion  in  developing  labeling  rules  appli¬ 
cable  to  kitchen  ranges  and  ovens.  The 
major  issues  raised  by  the  comments 
on  the  proposed  test  procedures  are 
discussed  below. 

1.  ENERGY  CONSUMPTION 

(a)  Measures  of  energy  consumption. 
Several  comments  were  received  con¬ 
cerning  the  measures  of  energy  con¬ 
sumption  provided  in  the  proposed 
test  procedures.  One  commenter  ques¬ 
tioned  the  use  of  the  energy  consump¬ 
tion  of  electric  clocks  and  the  use  of 
the  energy  consumption  of  self -clean¬ 
ing  operation  of  conventional  ovens  in 
determining  the  energy  factors  for  the 
different  classes  of  kitchen  ranges  and 
ovens.  It  was  also  recommended  that 
the  test  procedures  provided  an  addi¬ 
tional  measure  or  measures  of  energy 
consumption  that  would  account  for 
overall  resources  energy  requirements. 
In  other  words,  the  commenter 
wanted  a  value  that  would  represent 
the  efficiency  of  a  kitchen  range  and 
oven  measured  from  the  source  of 
energy  to  the  point-of-use. 

The  proposed  test  procedures  pro¬ 
vided  three  different  measures  of 
energy  consumption— the  estimated 
annual  operating  cost,  the  cooking  ef¬ 
ficiency  and  the  energy  factor.  The 
energy  use  or  annual  energy  consump¬ 
tion  utilized  in  the  test  methods  for 
determining  these  three  measures  ac¬ 
count  for  the  quantity  of  energy  di¬ 
rectly  consumed  by  the  product  at  its 
point  of  use.  The  cooking  efficiencies 
provided  in  the  test  procedures  only 
measure  the  efficiency  of  the  appli¬ 
ance  in  terms  of  the  energy  required 
to  perform  its  principle  function, 
which  is  to  cook  food.  They  do  not 
take  into  account  the  energy  con¬ 
sumed  by  electric  clocks  or  self-clean¬ 
ing  operations  of  the  appliances.  The 
energy  factor,  however,  does  include 
these  energy  consumptions. 

DOE  is  required  by  section 
323(aX4XA)  of  the  Act  to  prescribe 
test  procedures  for  different  consumer 
products,  including  kitchen  ranges  and 
ovens,  for  the  determination  of  an  es¬ 
timated  annual  operating  cost  for  that 
product  and  at  least  one  other  meas¬ 


ure  of  energy  consumption  which 
DOE  determines  is  likely  to  assist  con¬ 
sumers  in  making  purchasing  deci¬ 
sions.  DOE  has  determined  that  the 
three  proposed  measures  of  energy 
consumptions  will  be  useful  to  con¬ 
sumers  and  are  likely  to  assist  them  in 
making  purchasing  decisions.  DOE 
has,  therefore,  retained  these  meas¬ 
ures  in  the  test  procedures  prescribed 
today.  DOE  does  not  feel  that  it  is  nec¬ 
essary  to  proposed  any  additional 
measures  of  energy  consumption  for 
kitchen  ranges  and  ovens  at  this  time. 

(b)  Implied  accuracy  of  cooking  effi¬ 
ciencies  and  energy  factors.  It  was  sug¬ 
gested  by  certain  comments  that  the 
test  procedures  require  that  the  cook¬ 
ing  efficiencies  and  the  energy  factors 
be  expressed  in  three  significant 
digits.  DOE  has  accepted  this  sigges- 
tion  since  the  rounding  off  of  these 
calculated  values  to  three  significant 
digits  is  consistent  with  the  measure¬ 
ment  accuracy  in  the  data  derived 
from  the  test  procedures.  Sections 
430.22(i)  (2),  (3),  and  (4)  have  been 
modified  accordingly. 

(c)  Oven  maintenance  rate.  One 
manufacturer  recommended  that  the 
test  procedures  provide  an  additional 
measure  of  energy  consumption  which 
would  account  for  the  steady  state 
heat  loss  or  maintenance  rate  for  con¬ 
ventional  ovens.  The  steady  state  heat 
loss  or  oven  maintenance  rate  is  the 
amount  of  heat  lost  by  conduction 
through  the  oven  walls  plus  the 
amount  of  heat  lost  up  the  vent.  The 
commenter  was  concerned  that  the  ap¬ 
plication  of  the  proposed  test  proce¬ 
dures  would  incorrectly  reflect  that 
larger  ovens,  due  to  their  size  and 
mass,  would  necessarily  have  smaller 
cooking  efficiencies.  It  was  felt  that 
the  proposed  test  procedures  would 
not  give  sufficient  credit  for  well 
planned  oven  insulation  because  of  the 
emphasis  placed  on  oven  size  and 
mass. 

The  steady  state  heat  loss  of  an  oven 
is  only  one  factor  of  the  cooking  effi¬ 
ciency  of  that  oven.  Although  oven 
cooking  efficiency  could  be  character¬ 
ized  by  two  separate  measurements, 
the  energy  required  to  bring  the  oven 
up  to  operating  temperature  and  the 
maintenance  rate,  there  is  no  apparent 
advantage  in  using  separate  measure¬ 
ments.  The  proposed  test  procedures 
were  designed  to  simulate  an  average 
oven  cooking  operation  lasting  ap¬ 
proximately  50  minutes.  It  was  as¬ 
sumed  that  the  same  type  and  amount 
of  food  was  being  cooked  regardless  of 
the  size  of  the  oven.  The  measured 
energy  consumption  during  the  pro¬ 
posed  test  includes  the  steady  state 
heat  losses  as  well  as  the  energy  re¬ 
quired  to  being  the  oven  up  to  operat¬ 
ing  temperature.  Since  the  test  simu¬ 
lates  average  cooking  time,  DOE  be¬ 
lieves  that  the  relative  importance  of 
these  two  types  of  energy  losses  is 


properly  accounted  for  in  the  pro¬ 
posed  test  procedures  without  a  sepa¬ 
rate  test  for  steady  state  heat  losses. 

(d)  Degradation  of  cooking  efficien¬ 
cy.  One  manufacturer  claimed  that 
the  cooking  efficiencies  and  energy 
factors  for  some  conventional  cooking 
tops  may  degrade  during  the  life  of 
the  product.  No  quantitative  data  was 
provided,  however,  to  support  this 
statement. 

DOE  does  not  presently  have  suffi¬ 
cient  data  to  indicate  any  degradation 
of  the  cooking  efficiencies  or  energy 
factors  of  conventional  cooking  tops, 
or  of  any  other  kitchen  ranges  and 
ovens,  over  time  and,  therefore,  the 
test  procedures  prescribed  today  do 
not  account  for  any  possible  degrada¬ 
tion. 

(e)  Other  changes.  In  the  proposed 
test  procedures  the  cooking  efficiency 
of  conventional  ovens,  conventional 
ranges  and  microwave/conventional 
ranges  had  been  expressed  as  the  ratio 
of  the  annual  useful  energy  output  for 
cooking  to  the  annual  energy  input  for 
cooking.  To  simplify  these  calculations 
and  make  them  more  straightforward, 
the  equations  for  determining  the 
cooking  efficiencies  of  the  different 
kitchen  ranges  and  ovens  have  been 
revised.  These  changes  do  not  have 
any  effect  on  the  numerical  values  de¬ 
termined  for  the  cooking  efficiencies. 
Likewise,  the  additional  equations  in 
sections  4.1.4.2  and  4.5.1.3  of  appendix 
I  do  not  change  the  total  annual 
energy  consumption,  but  are  given  to 
show  more  explicitly  the  separate  cal¬ 
culation  of  gas  and  electrical  energy. 
Definitions  of  primary  energy  and  sec¬ 
ondary  energy  have  been  added  in  sec¬ 
tions  1.6  and  1.7  of  appendix  I  to  help 
distinguish  between  the  calculation  of 
gas  energy  consumption  and  electrical 
energy  consumption. 

2.  CONVERTIBLE  COOKING  APPLIANCES 

Some  of  the  comments  stated  that 
the  test  procedures  did  not  clarify  the 
method  for  testing  products  which  are 
designed  by  the  manufacturer  to  be 
changed  in  service  to  operate  with 
either  natural  gas  of  LP-gas.  The  com- 
menters  felt  that  their  testing  burden 
would  be  greatly  reduced  if  testing  of 
these  products  was  required  with  only 
one  gas.  They  felt  that  acceptable 
measures  of  energy  consumption  could 
be  derived  from  testing  these  convert¬ 
ible  cooking  appliances  using  only  nat¬ 
ural  gas  and,  if  necessary,  data  for  LP- 
gas  testing  could  be  predicted  using 
appropriate  conversion  factors. 

More  than  97  percent  of  all  LP-gas 
used  by  consumers  is  propane.  Based 
on  recommendations  from  the  Nation¬ 
al  Bureau  of  Standards  (NBS),  DOE 
had  determined  that  the  use  of  pro¬ 
pane  for  testing  convertible  cooking 
appliances  to  represent  LP-gas  usage 
would  provide  representative  test  re¬ 
sults  that  could  be  used  to  derive 
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measures  of  energy  consumption  that 
would  be  useful  to  consumers  and 
would  insure  uniformity  of  testing  for 
LP-gas  appliances  without  being 
unduly  burdensome  on  the  manufac¬ 
turers  conducting  the  tests.  DOE  has, 
therefore,  modified  the  test  proce¬ 
dures  to  permit  the  testing  of  convert¬ 
ible  cooking  appliances  with  propane 
in  addition  to  natural  gas.  The  test 
procedures  also  require  the  use  of  pro¬ 
pane  for  testing  appliances  which  are 
designed  to  operate  using  only  LP-gas. 

In  response  to  the  comments,  NBS 
performed  laboratory  tests  and  re¬ 
viewed  test  data  provided  by  the  Gas 
Appliance  Manufacturers  Association 
(GAMA)  for  the  cooking  efficiencies 
of  convertible  cooking  tops  and  con¬ 
ventional  ovens  tested  using  both  nat¬ 
ural  gas  and  propane.  All  of  the  tests 
performed  with  conventional  ovens 
yielded  slightly  higher  cooking  effi¬ 
ciencies  for  products  tested  with  pro¬ 
pane  as  opposed  to  those  tested  with 
natural  gas.  Six  out  of  eight  tests  of 
conventional  cooking  tops  yielded 
cooking  efficiencies  which  were  slight¬ 
ly  higher  for  products  tested  with  pro¬ 
pane  as  opposed  to  natural  gas.  Also, 
one  of  the  commenters  indicated  that 
their  testing  of  appliances  with  natu¬ 
ral  gas  and  propane  did  not  indicate 
any  material  difference  in  the  efficien¬ 
cies  of  the  product  between  two  gases. 
Based  on  the  above  information  and 
its  own  testing,  NBS  has  recommended 
that  since  the  actual  cooking  efficien¬ 
cies  of  products  tested  with  propane 
are  not  lower,  and  probably  slightly 
higher,  than  the  cooking  efficiencies 
of  those  same  products  when  tested 
using  natural  gas,  the  data  derived  for 
the  amount  of  energy  consumed  would 
be  sufficiently  accurate  to  represent 
operation  with  both  gases  if  the  test 
procedures  permitted  testing  of  these 
convertible  appliances  using  only  nat¬ 
ural  gas. 

Based  also  on  NBS’  recommenda¬ 
tion,  DOE  feels  that  the  GAMA  test¬ 
ing  may  not  be  representative  of  re¬ 
sults  obtained  during  actual  consumer 
use.  After  consultation  with  NBS  and 
further  analysis  of  the  testing  done, 
DOE  also  does  not  believe  that  the 
limited  testing  performed  by  NBS  pro¬ 
vides  sufficiently  reliable  data  on 
which  to  base  an  appropriate  conver¬ 
sion  factor  from  which  the  amount  of 
energy  consumed  during  testing  with 
natural  gas  could  be  converted  into 
the  equivalent  amount  of  energy  that 
would  have  been  consumed  if  the  ap¬ 
pliance  had  been  tested  with  propane. 
Any  data  or  information  related  to 
this  issue  that  would  be  representative 
of  actual  consumer  use  would  be  con¬ 
sidered  by  DOE,  as  it  becomes  availa¬ 
ble,  in  determining  whether  or  not  an 
appropriate  conversion  factor  should 
be  incorporated  in  these  test  proce¬ 
dures. 

The  proposed  test  procedures  did 
not  specify  whether  a  convertible 


cooking  appliance  may  be  tested  with 
only  one  gas  or  whether  testing  must 
be  performed  using  each  gas.  The  test 
procedures  prescribed  today  provide 
for  the  testing  of  convertible  cooking 
appliances  with  both  natural  gas  and 
propane.  Based  on  NBS’  recommenda¬ 
tion,  however,  DOE  has  modified  the 
test  procedures  to  allow  the  manufac¬ 
turer  to  test  a  convertible  cooking  ap¬ 
pliance  with  natural  gas  only  to  deter¬ 
mine  the  amount  of  energy  consumed. 
These  energy  consumption  figures 
must  then  be  used  to  represent  pro¬ 
pane  testing,  if  the  appliance  is  not  ac¬ 
tually  tested  with  propane. 

In  any  event,  the  test  procedures 
prescribed  today  require  two  estimated 
annual  operating  cost  for  convertible 
cooking  appliances.  The  manufactur¬ 
ers  must  provide  an  estimated  annual 
operating  cost  for  a  convertible  cook¬ 
ing  appliance  which  reflects  testing 
with  natural  gas  and  a  cost  for  the  ap¬ 
pliance  which  reflects  testing  with 
propane.  As  mentioned  above,  the 
manufacturer  may  use  the  amount  of 
energy  consumed  during  the  test  with 
natural  gas  for  determining  the  esti¬ 
mated  annual  operating  cost  of  the  ap¬ 
pliance  which  reflects  testing  with 
propane,  but  he  must  then  multiply 
this  amount  times  the  appropriate 
cost  of  propane  and  any  other  factors 
that  are  applicable. 

Accordingly,  DOE  has  added  a  defi¬ 
nition  for  “convertible  cooking  appli¬ 
ance’’  in  §430.2  and  clarified  §430.24 
with  respect  to  representations  regard¬ 
ing  convertible  cooking  appliances  and 
sections  2.2.2.2  and  2.2.2.3  of  appendix 
I  concerning  the  installation  of  con¬ 
vertible  oooking  appliances.  A  method 
for  determining  the  estimated  annual 
operating  costs,  cooking  efficiencies 
and  energy  factors  for  convertible 
cooking  appliances  has  also  been 
added  to  §  430.22. 

3.  UNITS  OF  MEASUREMENT 

It  was  suggested  that  the  test  proce¬ 
dures  use  both  English  and  metric 
units  of  measurement.  The  commenter 
suggested  that  all  measures  in  the  test 
procedures  be  expressed  in  English 
units  followed  in  parenthesis  by  the 
equivalent  value  in  metric  units. 

DOE  has  attempted  to  use  the  most 
common  units  of  measurement  in  the 
test  procedures,  which,  in  general,  are 
the  English  units  of  measurement. 
The  metric  unit  values  have  been  used 
in  certain  instances  in  order  to  provide 
consistency  with  usual  laboratory 
practices  (e.g.  beaker  diameter  of  85 
millimeters)  or  consistency  with  exist¬ 
ing  commercial  standards  (e.g.  micro- 
wave  oven  test  loads  expressed  in  mil¬ 
limeters).  DOE  does  not  consider  it 
necessary  in  the  final  test  procedures 
to  provide  the  equivalent  units  of  mea¬ 
surement  in  all  instances. 

4.  INSTALLATION  CONDITIONS 

Several  comments  were  received  sug¬ 
gesting  changes  in  the  installation 


instructions  proposed  in  section  2.1  of 
appendix  I.  One  comment  suggested 
that  the  installation  of  electric  free¬ 
standing  conventional  ranges,  conven¬ 
tional  ovens,  conventional  cooking 
tops,  and  microwave/conventional 
ranges  be  set  up  in  the  manner  speci¬ 
fied  in  the  proposed  test  procedures 
for  gas  appliances.  It  was  also  request¬ 
ed  that  in  order  to  be  consistent  with 
existing  industry  standards,  electric 
built-in  and  drop-in  products  be  in¬ 
stalled  for  testing  according  to  the  Un¬ 
derwriters  Laboratories  Inc.  (UL) 
standard  for  household  electric 
ranges,  UL-858,  and  that  the  built-in 
as  products  be  installed  for  testing  ac¬ 
cording  to  the  American  National 
Standards  Institute  (ANSI)  standard 
for  household  cooking  appliances, 
ANS-Z21. 1-1974  (as  amended  by 
Z21. la-1974  and  Z21.1b-1976). 

In  response  to  these  comments,  NBS 
reviewed  the  above  industry  standards 
and  has  recommended  that  the  test 
procedures  provide  consistent  installa¬ 
tion  provisions  for  gas  and  electric  ap¬ 
pliances  and  an  installation  approach 
which  is  consistent  with  these  stand¬ 
ards.  DOE  has  adopted  NBS’  recom¬ 
mendation  and  amended  section  2.1  of 
appendix  I  accordingly. 

Another  comment  pointed  out  that 
drop-in  appliances  were  not  included 
in  the  built-in  classification,  and 
should  therefore  be  specifically  ad¬ 
dressed  in  the  test  procedures.  DOE 
agrees  with  this  comment  and  has 
modified  the  installation  instructions 
in  section  2.1  of  appendix  I  to  indicate 
that  drop-in  appliances  are  to  be  in¬ 
stalled  in  the  same  manner  as  built-in 
and  wall-mounted  appliances. 

Some  of  the  comments  noted  that 
the  positioning  of  any  broiling  pan  in 
conventional  electric  ovens  and  single 
compartment  gas  ovens  was  not  made 
clear  in  the  proposed  test  procedures. 
One  comment  specifically  requested 
that  the  test  procedures  permit  remov¬ 
al  of  the  broiling  pan  during  the  test. 
NBS  recommends  that  the  broiling 
pan  be  removed  during  the  test  in 
order  to  be  more  representative  of 
actual  conditions  in  the  home  during 
baking  in  an  oven.  Based  on  NBS’  rec¬ 
ommendation  and  in  order  to  provide 
uniformity  of  testing  between  manu¬ 
facturers.  DOE  has  amended  section 
2.1  of  appendix  I  to  provide  that  the 
broiling  pan  be  removed  during  the 
test. 

One  commenter  requested  that  the 
treatment  of  features  or  devices  which 
operate  continuously  in  proposed  sec¬ 
tions  2.1.1  and  2.1.2  of  appendix  I  be 
clarified.  In  response  to  this  comment 
DOE  is  prescribing  in  section  2.1  of  ap¬ 
pendix  I  a  requirement  to  only  discon¬ 
nect  electric  clocks  which  use  energy 
continuously  and  no  other  electrical 
devices.  This  will  provide  test  methods 
for  conventional  appliances  and  micro- 
wave  appliances  which  are  consistent 
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in  the  sense  that  any  energy  consumed 
by  features  or  devices  on  the  different 
appliances  in  included  in  the  amount 
which  represents  the  total  energy  con¬ 
sumption  for  the  test. 

S.  ELECTRICAL  ENERGY  SUPPLY 

Some  of  the  comments  requested 
that  the  test  procedures  be  changed  to 
permit  the  testing  of  conventional 
electric  ovens  and  conventional  elec¬ 
tric  cooking  tops  at  their  rated  watt¬ 
age  rather  than  at  a  fixed  voltage. 

It  was  suggested  that  this  was 
needed  to  make  the  instructions  for 
setting  the  electrical  energy  supply 
consistent  with  the  instructions  for 
setting  the  gas  energy  supply.  Wattage 
is  equivalent  to  the  rate  of  gas  flow 
and  voltage  is  equivalent  to  gas  pres¬ 
sure.  DOE  believes  that  the  test  proce¬ 
dures  already  provide  for  consistent 
instructions  for  measuring  the  energy 
supplies.  Section  2.2.2  of  appendix  I 
specifies  the  gas  supply  in  terms  of  gas 
pressure  rather  than  the  rate  of  gas 
flow  and  section  2.2.1  of  appendix  I 
specifies  the  electrical  energy  supply 
at  a  fixed  voltage. 

It  was  also  commented  that  testing 
at  rated  wattages  would  reduce  vari¬ 
ations  in  the  test  results  derived  for 
the  different  measures  of  energy  con¬ 
sumption  thereby  permitting  a  smaller 
number  of  models  to  be  tested.  NBS’ 
testing  indicated  that  the  measures  of 
energy  consumption  determined  ac¬ 
cording  to  the  proposed  test  proce¬ 
dures  are  rather  insensitive  to  vari¬ 
ations  in  the  test  wattage.  Therefore, 
any  additional  variation  in  the  test 
data  due  to  testing  at  a  rated  wattage 
would  be  expected  to  be  relatively 
small. 

Although  testing  at  the  rated  watt¬ 
age  may  reduce  possible  variations  in 
the  test  results,  DOE  belives  that  the 
use  of  fixed  voltages  would  provide  re¬ 
sults  that  are  more  representative  of 
actual  home  use.  Therefore,  based  on 
NBS’  recommendation  and  analysis, 
DOE  has  determined  to  retain  the  pro¬ 
posed  method  of  testing  conventional 
electric  ovens  and  conventional  elec¬ 
tric  cooking  tops  at  a  fixed  voltage 
rather  than  at  a  rated  wattage. 

It  was  also  pointed  out  that  testing 
appliances  at  their  rated  wattage 
would  make  the  test  ;ess  burdensome 
to  conduct  since  rr.e^.-  .  '.rig  the  electri 
cal  energy  supply  with  a  watt-hour 
meter  is  easier  than  measuring  it  with 
a  voltmeter,  since  to  obtain  the  same 
degree  of  accuracy,  the  wattage  would 
need  to  be  held  to  with  2  percent, 
whereas  the  voltage  would  need  to  be 
held  only  to  within  1  percent  NBS 
testing,  however,  indicates  that  testing 
of  conventional  electric  cooking  tops 
at  their  rated  wattage  would  cause  a 
greater  testing  burden  on  the  maufac- 
turer  due  to  the  need  to  measure  the 
wattage  of  each  heating  element  and 
adjust  the  voltage  supply  accordingly. 


Another  comment  requested  that 
the  tolerance  on  the  test  voltage  be  in¬ 
creased  from  1  percent  to  at  least  2 
percent.  DOE  and  NBS  recognize  that 
test  results  for  the  different  measures 
of  energy  consumption  are  relatively 
insensitive  to  small  changes  in  the  test 
voltage.  Therefore,  DOE  has  modified 
section  2.2.1  to  increase  the  test  volt¬ 
age  tolerance  from  1  percent  to  2  per¬ 
cent  in  order  to  ease  the  burden  of 
testing  on  the  manufacturers. 

6.  GAS  ENERGY  SUPPLY 

(a)  Gas  burner  adjustment  Some  of 
the  comments  suggested  that  it  was 
not  sufficient  simply  to  specify  in  the 
test  procedures  that  the  gas  burners 
should  be  adjusted  in  accordance  with 
the  manufacturer’s  instructions.  It 
was  also  recommended  that  the  gas 
burner  adjustment  be  in  a  manner 
that  would  not  conflict  with  the  oper¬ 
ating  characteristics  required  to 
comply  with  approval  testing  under 
the  ANSI  Standard  for  Household 
Cooking  Gas  Appliances,  ANS-Z21.1- 
1974  (as  amended  by  ANSI-Z21.1a- 
1974  and  ANS-221.1b-1976).  This 
ANSI  standard  requires  that  the  air 
adjustment  of  the  burner  give  a  good 
flame,  that  is,  a  blue  flame,  rather 
than  one  with  yellow  flame  tips.  The 
standard  also  requires  cooking  appli¬ 
ances  to  pass  a  combustion  test  which 
requires  that  the  appliance  produce 
essentially  no  carbon  monoxide. 

Since  the  adjustment  of  the  air  to 
the  burner  can  influence  the  burner’s 
efficiency,  it  is  important  that  this  ad¬ 
justment  be  representative  of  typical 
installation  practices  in  the  home. 
DOE  believes  that  this  can  best  be 
achieved  by  requiring  that  the  test  be 
conducted  by  installing  the  gas  burner 
in  accordance  with  the  manufacturer’s 
instructions.  After  reviewing  the  com¬ 
ment,  DOE  has  agreed  that  additional 
instructions  on  proper  air  adjustment 
would  be  useful.  Therefore,  section 
2.2.2. 1  of  appendix  I  has  been  modified 
to  require  that  in  addition  to  using  the 
manufacturers  installation  instruc¬ 
tions,  the  gas  burner  must  be  adjusted 
in  every  case  so  as  not  to  result  in  a 
yellow  flame,  or  a  yellow  tipped  flame. 
This  approach  is  consistent  with  the 
gas  burner  adjustment  instructions  of 
section  2.3.5  of  the  ANSI  standard 
mentioned  above. 

DOE  does  not  feel  that  it  is  neces¬ 
sary  to  provide  that  the  appliance, 
after  the  adjustment  of  the  air  to  the 
gas  burner,  comply  with  the  combus¬ 
tion  test  specified  in  the  ANSI  stand¬ 
ard.  This  is  a  safety  test  and  would  not 
be  consistent  with  usual  installation 
practices. 

(b)  Heating  value  of  gas.  Several 
comments  were  received  which  re¬ 
quested  that  sections  2. 2. 2. 2  and  2. 2. 2.3 
of  appendix  I  specify  the  “net”  heat¬ 
ing  value  of  the  different  test  gases, 
natural  gas  and  propane,  rather  than 


the  “gross”  heating  value.  DOE  has 
determined,  however,  that  the  appro¬ 
priate  value  to  be  used  in  the  test  pro¬ 
cedures  is  the  “gross”  heating  value  of 
the  gas,  since  the  continous  flow  calor¬ 
imeter  measures  the  “gross”  value  and 
all  values  certified  on  bottled  gas  rep¬ 
resent  “gross”  values. 

Concerning  the  requirement  in  the 
test  procedures  for  the  determination 
of  the  gross  heating  value  of  the  natu¬ 
ral  gas  used  for  testing,  a  comment 
was  made  that  this  requirement 
should  be  eliminated  and  a  fixed  nomi¬ 
nal  gross  heating  value  be  assumed  for 
all  natural  gas  used  for  test  purposes. 
It  was  suggested  that  this  fixed  nomi¬ 
nal  gross  heating  value  for  natural  gas 
should  be  1,000  or  1,025  Btu’s  per 
cubic  foot.  It  was  further  stated  that 
few,  if  any,  gas  range  manufacturers 
have  continuous  flow  calorimeters  and 
that  the  cost  of  the  calorimeter  in¬ 
cluding  installation  is  estimated  at 
$15,000.  One  commenter  stated  that 
laboratory  testing  performed  by  the 
American  Gas  Association  (AGA)  indi¬ 
cated  that  the  heating  value  of  natu¬ 
ral  gas  varies  only  slightly  over  a  sus¬ 
tained  period  of  time. 

To  assume  reliable  test  results,  DOE 
considers  it  essential  to  be  able  to  ac¬ 
curately  monitor  and  thereby  control 
the  heating  value  of  the  natural  gas 
used  for  energy  consumption  testing. 
If  natural  gas  supplied  through  the 
distributor  network  of  local  utilities 
wrere  used  there  would  be  no  way  of 
knowing  the  actual  heating  value  or 
the  magnitude  of  any  fluctuations 
that  occurred  during  the  test.  Howev¬ 
er,  in  lieu  of  requiring  the  gases  to  be 
measured  with  a  standard  continuous 
flow  calorimeter,  the  test  procedures 
permit  the  use  of  bottled  gas,  if  the 
gross  heating  value  of  the  bottled  gas 
is  certified  to  be  at  least  as  accurate  a 
value  as  could  be  obtained  with  mea¬ 
surements  derived  from  using  a  stand¬ 
ard  continuous  flow  calorimeter.  This 
alleviates  the  necessity  of  purchasing 
and  installing  a  standard  continuous 
flow  calorimeter. 

7.  MEASUREMENT  OF  THE  OVEN 
TEMPERATURE  FOR  CALIBRATION 

(a)  Oven  cycles.  In  section  2.4.1  and 
2.4.2  of  appendix  I  of  the  proposed 
test  procedures  it  was  specified  that 
for  the  purpose  of  calibrating  the 
oven’s  controls,  the  temperature  of 
the  oven  should  be  measured  over 
three  consecutive  cut-off/cut-on  cycles 
of  the  oven  thermostat  which  regu¬ 
lates  the  oven's  energy  source.  One  of 
the  commenters  suggested  that  the 
instructions  in  the  proposed  test  pro¬ 
cedures  were  confusing  and  could  be 
interpreted  to  mean  the  three  cycles 
immediately  following  the  initial  cut¬ 
off/cut-on  operation  of  the  oven’s 
energy  source.  In  order  to  permit 
greater  flexibility  in  the  testing,  the 
commenter  recommended  that  the 
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test  procedures  be  modified  to  allow 
measurement  of  the  oven  tempera¬ 
ture,  on  ovens  that  have  “cycling" 
thermostats,  during  any  three  correc¬ 
tive  cut-off/cut-on  cycles  following  the 
initial  cycle. 

NBS  laboratory  testing  of  conven¬ 
tional  ovens  using  different  sets  of 
three  consecutive  cut-off/cut-on  cycles 
did  not  produce  any  adverse  effects  on 
the  method  of  calibrating  the  oven. 
Therefore,  based  on  NBS  testing,  DOE 
has  amended  sections  2.4.1  and  2.4.2  of 
appendix  I  of  the  test  procedures  to 
permit  testing  over  any  three  consecu¬ 
tive  cut-off/cut-on  cycles  following  the 
initial  cycle. 

(b)  Use  of  thermocouples.  Different 
methods  for  measuring  the  oven  tem¬ 
peratures  of  conventional  electic  ovens 
and  conventional  gas  ovens  were  speci¬ 
fied  in  the  proposed  test  procedures.  A 
single  thermocouple  was  used  to  meas¬ 
ure  the  temperature  in  an  electric 
oven  while  five  thermocouples  were 
used  to  measure  the  temperature  in  a 
gas  oven.  One  comment  suggested  that 
the  temperature  calibration  of  the 
electric  oven  controls  would  be  more 
accurate  if  five  parallel  thermocouples 
were  used  as  is  the  case  for  gas  ovens. 
CU  also  questioned  the  use  of  differ¬ 
ent  methods  for  measuring  oven  tem¬ 
perature  and  urged  that  the  same  test 
method  be  used  for  both  conventional 
electric  ovens  and  conventional  gas 
ovens. 

A  conventional  electric  oven  has  a 
relatively  small  vent  and  less  air  move¬ 
ment  within  the  oven  compartment 
than  a  conventional  gas  oven.  There 
is,  therefore,  less  variation  in  tempera¬ 
ture  over  a  horizontal  plane  within  the 
compartment  of  an  electric  oven  than 
in  the  compartment  of  a  gas  oven. 
This  horizontal  plane  concept  is  used 
since  it  is  representative  of  actual 
cooking  on  an  oven  shelf. 

DOE  has  determined  that  no  change 
is  necessary  to  section  2.4.1  of  appen¬ 
dix  I  regarding  the  number  of  thermo¬ 
couples  used  to  measure  the  tempera¬ 
ture  of  a  conventional  electic  oven,  in 
order  to  calibrate  properly  the  oven’s 
temperature  controls. 

<c)  Non-cycling  controls.  In  several 
sections  of  the  test  procedures  instruc¬ 
tions  are  given  for  measuring  oven 
temperatures  or  test  block  tempera¬ 
tures  in  terms  of  the  cycling  action  of 
the  oven  thermostat.  Two  commenters 
remarked  that  no  provision  has  been 
made  for  measuring  the  test  energy 
consumption  of  a  gas  oven  equipped 
with  a  bypass-type  thermostat  or  any 
other  modulating  control.  A  bypass- 
type  thermostat  is  one  which  controls 
the  oven  temperature  by  modulating 
the  gas  flow  rather  than  by  cycling  on 
and  off. 

The  objectives  of  the  pertinent  sec¬ 
tions  of  the  test  procedures  are  either 
to  obtain  a  thermostat  setting  which 
will  produce  a  desired  average  internal 


oven  temperature  or  to  determine  the 
energy  required  by  the  oven  to  heat  a 
test  load  to  a  specified  temperature. 
These  two  objectives  may  be  achieved 
by  direct  measurement  when  testing 
an  oven  which  utilizes  a  modulating 
thermostat  to  maintain  a  reasonably 
steady  internal  temperature. 

In  response  to  this  comment,  sec¬ 
tions  2.4.1,  2.4.2,  3.1.1,  and  3.2.1  of  ap¬ 
pendix  I  have  been  modified  to  ex¬ 
plain  that  interpolation  of  data  from 
“on”  and  “off”  points  is  not  necessary 
for  ovens  which  do  not  operate  in  such 
cycles. 

(d)  Temperature  indicator  system  for 
measuring  oven  temperature.  One  of 
the  comments  requested  that  the  tem¬ 
perature  range  for  the  temperature  in¬ 
dicator  system  for  measuring  oven 
temperature  provided  in  section  2.9. 3. 2 
of  appendix  I  be  increased.  The  pro¬ 
posed  test  procedures  specified  a  range 
of  65°  F  to  400°  F.  A  review  of  the  oven 
temperature  measurements  required 
by  the  test  procedures  indicates  that  it 
may  be  necessary  to  use  an  instrument 
which  could  measure  temperatures 
above  400°  F.  After  consultation  with 
NBS,  DOE  has,  therefore,  increased 
the  upper  limit  of  the  temperature 
range  in  section  2.9.3.2  of  appendix  I 
to  500°  F  in  order  to  provide  an  indica¬ 
tor  system  that  would  be  consistent 
with  any  necessary  measurements  in 
the  test  procedures. 

8.  NORMAL  NONOPERATING  TEMPERATURE 

Several  comments  were  made  re¬ 
garding  the  proposed  normal  nonoper¬ 
ating  temperatures  of  the  appliances 
to  be  tested.  One  manufacturer  also 
pointed  out  that  the  proposed  test 
procedures  did  not  specify  a  method 
for  measuring  the  normal  nonopera¬ 
ting  temperatures  of  conventional 
cooking  tops. 

NBS  and  DOE  have  reexamined  sec¬ 
tion  2.6  of  appendix  I  which  proposed 
normal  nonoperating  temperatures  for 
kitchen  ranges  and  ovens.  As  a  result, 
DOE  has  modified  section  2.6  and 
added  a  definition  of  “normal  nonop¬ 
erating  temperature”  in  section  1.5  in 
order  to  insure  that  the  normal  non¬ 
operating  temperature  of  the  appli¬ 
ances  being  tested  is  achieved  before 
any  testing  is  begun.  The  normal  non¬ 
operating  temperature  is  now  permit¬ 
ted  to  be  achieved  in  any  manner,  as 
long  as  the  temperature  of  all  of  the 
areas  of  the  appliance  are  within  5°  F 
of  the  temperature  that  that  area 
would  have  attained  if  the  appliance 
had  been  left  in  the  test  room  for  24 
hours  while  not  operating.  Section 
2.9.3.5  of  appendix  I  has  also  been 
added  in  order  to  specify  a  method  for 
measuring  surface  temperatures. 

9.  TEST  BLOCKS 

(a)  Black  finish  on  test  block  for  con¬ 
ventional  ovens.  CU  commented  on 
the  test  block  finish  used  for  the  test¬ 


ing  of  conventional  ovens.  Instead  of 
using  an  anodic  black  coating  as  the 
test  procedures  specify,  CU  suggested 
that  leaving  the  block’s  natural  alumi¬ 
num  finish  without  a  coating  might 
better  simulate  the  heat  absorption 
characteristics  of  the  aluminum  or 
stainless  steel  pans  normally  used  in 
an  oven  by  consumers.  CU  was  also 
concerned  that  since  a  black  block  ab¬ 
sorbs  radiant  energy  better  than  a 
shiny  block,  an  unfair  advantage  may 
be  given  to  electric  ovens. 

Several  studies  have  been  conducted 
to  determine  what  type  of  test  load 
would  best  simulate  foods  normally 
cooked  in  conventional  ovens.  The  re¬ 
sults  of  one  such  study  are  summa¬ 
rized  by  the  AGA  Research  Report 
No.  1510,  entitled  "Methods  to  Deter¬ 
mine  the  Thermal  Efficiency  and  Esti¬ 
mated  Annual  Energy  Consumption  of 
Conventional  Gas  and  Electric 
Ranges.”  After  experimenting  with  10 
different  types  of  test  loads,  AGA  con¬ 
cluded  that  test  results  achieved  using 
an  8.5  lb.  black  anodized  aluminum 
block,  which  is  the  same  test  block 
proposed  in  the  test  procedures,  corre¬ 
sponded  the  closest  to  the  energy  con¬ 
sumptions  and  efficiencies  observed  in 
the  actual  cooking  of  foods  in  conven¬ 
tional  gas  and  electric  ovens. 

Laboratory  tests  conducted  by  NBS 
indicate  that  the  energy  consumed  by 
conventional  gas  and  electric  ovens 
when  tested  with  the  proposed  black 
test  block  provide  results  that  are 
more  representative  of  actual  cooking 
in  the  home  than  results  from  testing 
with  a  shiny  test  block.  The  tests  com¬ 
pared  the  amount  of  energy  consumed 
when  testing  with  shiny  aluminum 
test  blocks,  when  testing  with  black 
test  blocks,  and  when  testing  with 
food  in  conventional  gas  and  electric 
ovens  both  with  and  without  forced 
convection. 

Based  on  NBS  recommendation, 
DOE  has  determined  to  retain  the  use 
of  anodic  black  aluminum  test  blocks 
for  testing  conventional  ovens. 

Some  of  the  comments  also  suggest¬ 
ed  that  the  test  procedures  permit  the 
conventional  oven  test  block  to  be  fin¬ 
ished  with  something  other  than  the 
anodic  black  coating  which  incorpo¬ 
rates  an  inorganic  dye  as  was  pro¬ 
posed.  One  comment  indicated  that  an 
inorganic  dye  for  anodized  aluminum 
is  not  available.  Another  comment 
suggested  that  the  ability  of  an  anodic 
black  test  block  to  absorb  radiant 
energy  would  decrease  over  time  and 
therefore  affect  the  accuracy  of  the 
testing.  Based  on  NBS’  recommenda¬ 
tions,  DOE  has  modified  section  2.7.1 
of  appendix  I  to  eliminate  the  require¬ 
ment  of  incorporating  an  inorganic 
black  dye  in  the  coating  of  the  test 
block. 

Laboratory  tests  at  NBS  over  a 
period  of  about  1  year  indicate  that 
the  deterioration  of  the  absorptivity 
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level  of  the  test  blocks  is  not  a  serious 
problem.  However,  in  recognition  of 
the  possibility  of  some  deterioration  in 
the  absorptivity  level  of  a  test  block 
finished  with  an  anodic  black  coating, 
DOE  has  also  modified  section  2.7.1  to 
permit  the  use  of  any  finish  which  has 
the  same  level  of  absorptivity  as  the 
anodic  black  coating. 

(b)  Installation  of  Thermocouple  on 
Test  Blocks.  It  was  suggested  that  the 
method  of  installing  the  thermocouple 
to  the  test  block  proposed  in  section 
2.7.2  of  appendix  I  may  result  in  im¬ 
proper  installation,  which  could  lead 
to  variations  in  the  test  results.  DOE 
agrees  with  this  comment  and  has 
modified  section  2.7.4  of  appendix  I  to 
permit  the  manufacturer  conducting 
the  test  to  use  appropriate  means  to 
ensure  that  a  positive  contact  between 
the  thermocouple  and  the  test  block 
and  an  adequate  sealing  of  the  hole  in 
the  test  block  to  prevent  the  entry  of 
moisture  is  achieved. 

(c)  Test  Blocks  for  Conventional 
Cooking  Tops.  One  manufacturer  re¬ 
quested  that  the  required  temperature 
rise  of  the  test  block  for  conventional 
cooking  tops  be  135*  P  instead  of  the 
144°  F  specified  in  the  proposed  test 
procedures.  The  commenter  felt  that 
the  temperature  at  the  time  the 
energy  input  is  reduced  (before  being 
turned  off)  should  equal  the  boiling 
point  of  water,  212°  P,  in  order  more 
closely  to  simulate  actual  cooking  con¬ 
ditions  in  the  home.  No  data,  however, 
was  provided  to  support  the  proposi¬ 
tion  that  this  would  be  more  repre¬ 
sentative  of  actual  cooking. 

The  commenter  was  also  concerned 
that  testing  with  the  6.25-inch  diame¬ 
ter 'test  block  would  unduly  penalize 
small  glass-ceramic  cooking  tops  by 
producing  a  lower  cooking  efficiency 
than  would  be  obtained  with  the  9- 
inch  test  block.  It  was  felt  that  this 
method  of  testing  precludes  a  valid 
comparison  of  small  electric  surface 
units  with  similar  sized  gas  surface 
units  which  are  tested  with  the  9-inch 
test  block.  The  commenter  recom¬ 
mended  that  the  test  procedures  re¬ 
quire  that  the  large  test  block  (9-inch 
diameter)  be  used  for  testing  all  elec¬ 
tric  surface  units,  as  is  the  case  for 
testing  all  gas  surface  units. 

The  proposed  test  procedures  are  de¬ 
signed  to  measure  the  cooking  effi¬ 
ciency  of  all  electric  surface  units 
under  conditions  which  would  most  ac¬ 
curately  simulate  actual  cooking  in 
the  home.  The  temperature  rise  of 
144°  P  was  selected  for  inclusion  in  the 
test  procedures  by  DOE  based  upon 
NBS’  recommendation  that  it  would 
represent  the  average  temperature 
rise  of  food  being  cooked  in  the  home. 
After  review  of  the  above  comment, 
NBS  determined  that  it  is  not  neces¬ 
sary,  as  the  commenter  suggested, 
that  the  test  procedures  provide  that 
the  test  block  temperature  equal  the 


boiling  point  of  water  at  the  time  that 
the  energy  source  to  the  surface  unit 
is  turned  down.  Based  on  this  recom¬ 
mendation,  DOE  has  decided  not  to 
change  the  temperature  rise  of  144°  P 
as  originally  proposed. 

In  regard  to  the  size  of  the  test 
block,  NBS  believes  that  the  small  test 
block  (6.25-inch  diameter)  more  close¬ 
ly  approximates  the  bottom  diameter 
of  the  cooking  utensils  generally  used 
by  consumers  for  cooking  on  small  sur¬ 
face  units.  Based  on  NBS’  recommen¬ 
dation,  DOE  has,  therefore,  deter¬ 
mined  that  the  small  test  block  is  the 
appropriate  size  to  use  for  testing  and 
determining  the  cooking  efficiency  of 
small  glass-ceramic  cooking  tops. 

Another  manufacturer  wanted  the 
test  procedures  to  credit  the  energy 
saving  aspects  of  glass-ceramic  cooking 
tops  which  have  a  built-in  automatic 
thermostatic  control  and  which  are 
sold  with  matching  flat-ground  cook¬ 
ware.  No  data  was  provided  by  the 
commenter,  however,  and  DOE  does 
not  have  sufficient  data  at  this  time 
on  the  energy  saving  aspects  of  these 
features  to  give  any  possible  credit  to 
them  in  the  test  procedures.  DOE  will 
review  any  reliable  data,  as  it  becomes 
available,  concerning  the  consumer 
usage  of  these  glass-ceramic  cooking 
tops  and  any  possible  energy  savings 
derived  from  their  use. 

(d)  Initial  temperature  of  the  test 
block.  One  comment  suggested  that 
the  initial  test  block  temperature  for 
conventional  ovens  and  conventional 
cooking  tops  should  be  referenced  to 
the  nonoperating  temperature  of  the 
appliance  being  tested,  rather  than  to 
the  ambient  room  air  temperature. 
The  comment,  however,  did  not  pre¬ 
sent  any  arguments  to  justify  making 
this  change.  The  proposed  test  proce¬ 
dures  referenced  the  initial  test  block 
temperature  to  the  ambient  room  air 
temperature  in  order  to  simulate  typi¬ 
cal  consumer  usage. 

For  some  of  the  tests,  following  this 
suggestion  would  not  cause  a  signifi¬ 
cant  difference  in  the  test  results  be¬ 
cause  the  nonoperating  temperature 
would  be  essentially  the  same  as  the 
ambient  room  air  temperature.  The 
suggested  change  would  not  be  appli¬ 
cable  for  conventional  gas  ovens  with 
continuously  burning  pilot  lights,  be¬ 
cause  the  test  block  in  that  case 
should  be  near  room  temperature, 
rather  than  oven  temperature,  in 
order  to  simulate  actual  consumer 
usage.  Based  on  NBS’  recommenda¬ 
tion,  DOE  has  determined  to  retain 
the  definition  of  the  initial  tempera¬ 
ture  of  the  test  block  as  proposed  in 
section  2.7.5  of  appendix  I. 

CU  also  commented  regarding  the 
rate  at  which  the  test  block  is  cooled 
to  the  initial  test  block  temperature. 
They  were  concerned  that  if  the  test 
block  was  cooled  too  rapidly  between 
tests  that  the  initial  temperature  read¬ 


ing  would  not  be  representative  of  the 
temperature  of  the  entire  block.  It  was 
suggested  that  specifications  for  the 
thermal  equilibrium  of  the  block  be 
added  to  the  test  procedures  to  assure 
that  all  parts  of  the  block  are  at  the 
same  temperature  before  starting  any 
test. 

,  DOE  agrees  that  the  test  procedures 
should  clearly  require  that  the  test 
block  be  in  thermal  equilibrium  before 
starting  any  test.  Therefore,  instruc¬ 
tions  for  assuring  thermal  equilibrium 
have  been  added  to  section  2.7.5  of  ap¬ 
pendix  I. 

(e)  Weight  of  test  block.  Section  3.3.2 
of  appendix  I  of  the  proposed  test  pro¬ 
cedures  requires  that  the  actual 
weight  of  the  test  blocks  be  deter¬ 
mined.  Since  these  measurements 
need  only  be  determined  once  for  each 
test  block,  they  have  not  been  includ¬ 
ed  in  the  test  measurements  in  section 
3.2  of  appendix  I.  However,  DOE  has 
determined  that  a  tolerance  should  be 
specified  for  these  measurements  in 
order  to  be  consistent  with  other  test 
measurements.  With  regard  to  this 
issue,  NBS  has  recommended  that  the 
scale  used  for  weighing  the  test  blocks 
have  a  maximum  error  no  greater 
than  1  ounce.  DOE  has  accepted  this 
recommendation  and  modified  section 
2.9  of  appendix  I  accordingly  by 
adding  a  section  2.9.5. 

10.  TEST  BEAKERS 

One  commenter  requested  that  “bro- 
silicate  glass”  be  required  as  the  mate¬ 
rial  to  constitute  the  test  beakers  for 
the  microwave  oven  tests.  Brosilicate 
glass  includes  pyrex  glass  and  has  a 
low  coefficient  of  thermal  expansion. 
It  is,  therefore,  less  likely  to  crack  as  a 
result  of  the  microwave  testing.  DOE 
has  modified  section  2.8  of  appendix  I 
to  require  that  the  test  beakers  be 
made  of  a  thin  walled  brosilicate  glass, 
which  is  the  kind  generally  used  in  the 
laboratory. 

11.  CONVENTIONAL  OVEN  TEST  METHOD 

(a)  Calculation  of  oven  energy  con¬ 
sumption.  In  the  proposed  test  proce¬ 
dures  the  method  for  determining  the 
amount  of  energy  consumed  by  the 
oven  during  the  test  using  the  pre¬ 
scribed  test  blocks  is  calculated  by  an 
interpolation  formula.  The  interpola¬ 
tion  is  based  on  energy  and  tempera¬ 
ture  measurements  taken  at  different 
cut-off  and  cut-on  points  in  the  cycles 
of  the  oven’s  energy  source.  Several 
commenters  suggested  that  the 
method  of  interpolation  should  be 
based  only  on  data  taken  at  the  cut-on 
points.  It  was  claimed  that  this  would 
more  accurately  measure  the  actual 
amount  of  energy  required  to  heat  the 
test  block,  whereas  the  proposed  test 
method  would  result  in  measurements 
that  were  1.5  to  3  percent  too  high. 

The  commenter  presented  two  hypo¬ 
thetical  examples  to  illustrate  that  the 
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method  of  interpolation  in  the  pro¬ 
posed  test  procedures  would  yield  er¬ 
roneous  results,  whereas  his  new 
method  would  produce  correct  results. 
These  examples  were  analyzed  by 
NBS.  In  general,  the  NBS  analysis  in¬ 
dicated  that  although  the  ovens  in  the 
examples  would  have  identical  effi¬ 
ciencies  when  tested  by  this  new 
method,  ovens  under  actual  use  condi¬ 
tions  in  the  home  would  not  be  equal¬ 
ly  efficient  and  that  this  actual  differ¬ 
ence  in  efficiency  would  be  more  accu¬ 
rately  measured  by  the  DOE  method 
in  the  proposed  test  procedures. 

The  new  method  proposed  by  the 
commenter  is  based  on  the  assump¬ 
tions  that  an  oven’s  heating  cycle 
begins  at  the  cut-on  point  of  the 
oven’s  energy  source  and  ends  at  the 
following  cut-on  point,  and  that  the 
amount  of  energy  consumed  during  a 
portion  of  such  a  cycle  is  determined 
on  a  prorated  basis.  This  new  proce¬ 
dure,  which  is  based  on  only  two  data 
collection  points,  appears  to  be  less 
burdensome  to  conduct  than  the  pro¬ 
posed  DOE  test  method  which  is  based 
on  four  data  points.  This  new  proce¬ 
dure,  however,  has  two  disadvantages. 
First,  the  oven’s  temperature  varies 
considerably  during  the  heating  cycle 
and  is  near  a  minimum  at  the  cut-on 
point.  At  this  point  the  oven’s  tem¬ 
perature  is  below  its  average  tempera¬ 
ture  and  the  measurement  of  the 
energy  consumption  would  be  too  low, 
or  lower  than  it  would  be  if  the  oven 
were  at  its  average  temperature. 
Second,  the  oven  temperature  at  cut- 
on  may  vary  from  one  model  to  an¬ 
other  due  only  to  differing  thermostat 
characteristics.  This  would  mean  that 
the  error  in  the  energy  consumption 
measurement  would  depend  on  the 
thermostat  characteristics.  Hence, 
energy  measurements  derived  from 
this  new  method  would  not  accurately 
correspond  to  values  that  would  be 
achieved  during  actual  consumer 
usage. 

The  interpolation  procedure  pro¬ 
posed  in  the  test  procedures  was  essen¬ 
tially  based  on  the  average  oven  tem¬ 
perature  as  determined  from  measure¬ 
ments  at  both  cut-on  and  cut-off 
points  of  the  oven’s  energy  source. 
NBS  believes  that  this  method  will 
provide  results  that  are  representative 
of  average  oven  conditions  in  the 
home. 

In  view  of  the  above  considerations, 
DOE  concurs  with  the  NBS  recom¬ 
mendation  that  the  interpolation  pro¬ 
cedure  in  the  proposed  test  procedures 
is  a  better  and  more  representative 
method  for  accurately  measuring  the 
energy  consumption  of  a  conventional 
oven  without  being  unduly  burden¬ 
some,  and  has  therefore  retained  this 
method  in  the  test  procedures  pre¬ 
scribed  today. 

(b)  Oven  modes  to  be  tested.  CU 
raised  an  issue  as  to  which  oven  modes 


of  operation  shoud  be  tested.  The 
comment  stated  that  the  test  proce¬ 
dure  requires  the  testing  of  ovens  in 
“each  baking  mode,’’  but  does  not 
clearly  explain  what  types  of  baking 
modes  should  be  included.  CU  recom¬ 
mends  that  the  test  procedure  specify 
that  all  modes  of  operation  including 
“timed  baked,”  “preheat,”  etc.,  be 
tested. 

The  proposed  test  procedures  re¬ 
quire  that  conventional  ovens  which 
can  be  operated  either  with  forced 
convection  or  without  forced  convec¬ 
tion  shall  be  tested  in  both  of  these 
modes  of  operation.  Sections  3.1.1  and 
4.1. 1.1  of  appendix  I  have  been  modi¬ 
fied  to  state  this  requirement  more 
clearly.  Testing  the  oven  in  both  of 
these  modes  is  required  because  the 
different  modes  may  have  significant¬ 
ly  different  cooking  efficiencies. 

On  the  other  hand,  NBS  laboratory 
data  indicates  that  the  use  of  a  “pre¬ 
heat”  setting,  has  very  little  effect  on 
the  cooking  efficiency  when  it  is  fol¬ 
lowed  by  resetting  to  “bake”  after  the 
oven  has  reached  operating  tempera¬ 
ture.  On  conventional  electric  ovens 
the  only  difference  between  the  “pre¬ 
heat”  setting  and  the  “bake”  setting  is 
in  that  during  preheat  both  the  upper 
and  lower  resistance  heaters  are  oper¬ 
ated  at  240  volts,  while  during  “bake” 
only  the  lower  resistance  heater  oper¬ 
ates  at  240  volts  and  the  upper  resis¬ 
tance  heater  is  either  not  used  or  oper¬ 
ates  at  120  volts  (one-fourth  power). 

For  most  conventional  electric  ovens 
the  method  of  heating  is  identical  for 
“timed  bake”  and  “bake.”  However,  as 
suggested  by  CU,  there  are  some  con¬ 
ventional  electric  ovens  which  use  the 
upper  resistance  heater  at  120  volts 
during  “bake”  but  do  not  use  the 
upper  resistance  heater  for  “timed 
bake.”  For  these  ovens  the  difference 
in  oven  heating  wattage  is  about  20 
percent.  Based  on  laboratory  tests  at 
NBS  of  ovens  at  both  240  and  208 
volts,  which  involved  a  difference  in 
heating  wattage  of  about  25  percent, 
NBS  concluded  that  any  differences  in 
the  cooking  efficiency  due  to  different 
wattages  for  “bake”  and  “timed  bake” 
are  not  significant.  Based  on  NBS’  rec¬ 
ommendation,  DOE  does  not  believe 
that  testing  in  all  possible  baking 
modes  is  necessary  to  achieve  accurate 
and  representative  test  results. 

(c)  Measurement  of  pilot  light  con¬ 
sumption.  CU  commented  that  accu¬ 
rate  measurement  of  the  gas  consump¬ 
tion  of  pilot  lights  could  be  obtained 
in  less  time  than  the  24-hour  period 
specified  in  the  proposed  test  proce¬ 
dures.  CU  suggested  that  two  methods 
for  measuring  the  gas  consumption  of 
pilot  lights  be  permitted;  one  involving 
the  use  of  positive  displacement  gas 
meters  (referred  to  simply  as  “gas 
meters”  in  the  proposed  test  proce¬ 
dures),  and  the  other  involving  the  use 
of  gas  flow  meters  (not  addressed  in 


the  proposed  test  procedures).  CU 
stated  that  the  adoption  of  this  sug¬ 
gestion  would  facilitate  testing  and 
conserve  gas. 

For  positive  displacement  gas 
meters,  CU  suggested  that  rather  than 
specifying  a  fixed  minimum  time 
period  for  the  measurement,  a  mini¬ 
mum  quantity  of  gas  consumption 
should  be  specified  where  this  mini¬ 
mum  quantity  is  a  function  of  the  res¬ 
olution  of  the  gas  meter  used  for 
making  the  measurement.  It  was  sug¬ 
gested  that  a  minimum  gas  consump¬ 
tion  of  200  times  the  resolution  of  the 
gas  meter  be  specified. 

DOE  finds  that  the  adoption  of  this 
suggestion  would  reduce  the  time  re¬ 
quired  to  measure  the  rate  of  gas  con¬ 
sumption  of  pilot  lights  without  reduc¬ 
ing  the  accuracy  of  the  measurement 
appreciably.  Using  CU’s  suggested 
method,  it  is  estimated  that  it  would 
require  about  1  hour  to  measure  the 
gas  consumption  rate  of  a  pilot  light 
with  a  gas  meter  that  has  a  resolution 
of  0.001  cubic  foot.  Although  the 
maximum  error  associated  with  taking 
a  reading  from  such  a  gas  meter  using 
CU’s  suggested  method  would  be 
larger  than  for  the  24-hour  duration 
test  proposed  (0.5  percent  for  CU’s 
method,  compared  to  approximately 
0.02  percent  for  the  24-hour  test)  the 
overall  measurement  error  would  still 
be  determined  primarily  by  the  al¬ 
lowable  meter  error  of  2  percent. 

DOE  has  adopted  CU’s  suggestion 
and  has  changed  sections  3.1. 1.2  and 
3.1. 2.1  of  appendix  I  to  specify  that 
the  duration  of  the  tests  shall  be  suffi¬ 
cient  to  measure  a  gas  consumption 
which  is  at  least  200  times  the  resolu¬ 
tion  of  the  gas  meter. 

In  further  consideration  of  CU’s  sug¬ 
gestion,  DOE  finds  that  if  a  gas  meter 
with  a  resolution  of  0.01  cubic  foot  was 
used  to  measure  the  gas  consumption 
of  pilot  lights  instead  of  one  with  a 
resolution  of  0.001  cubic  foot  as  stipu¬ 
lated  in  the  proposed  test  procedures, 
the  measurement  would  require  ap¬ 
proximately  ten  hours  to  complete.  By 
allowing  the  use  of  a  gas  meter  with  a 
resolution  of  0.01  cubic  foot,  the  dura¬ 
tion  of  the  pilot  light  gas  consumption 
measurement  would  still  be  signifi¬ 
cantly  reduced  from  the  24-hour  dura¬ 
tion  measurement  specified  in  the  pro¬ 
posed  test  procedures,  but  manufac¬ 
turers  could  secure  one  gas  meter 
which  meets  the  accuracy  measure¬ 
ments  for  measurement  of  the  gas 
consumption  of  both  pilot  lights  and 
gas  burners. 

DOE  has,  therefore,  changed  section 
2.9.2  of  appendix  I  to  allow  the  use  of 
a  gas  meter  with  a  resolution  of  at 
least  0.01  cubic  foot  for  measurement 
of  pilot  gas  consumption. 

CU  had  a  further  comment  bearing 
on  the  measurement  of  the  gas  con¬ 
sumption  of  pilot  lights  to  the  effect 
that  DOE  should  permit  the  use  of  a 
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gas  flow  meter  with  a  resolution  of  at 
least  1  percent  of  the  gas  consumption 
rate  and  a  maximum  error  no  greater 
than  2  percent,  in  lieu  of  the  volume 
measuring  gas  meter  specified  in  the 
proposed  test  procedures. 

This  suggestion  has  been  accepted 
by  DOE  with  the  modification  that 
the  meter  error  must  not  exceed  1.5 
percent  in  order  to  maintain  an  overall 
measurement  accuracy  (meter  error 
plus  possible  reading  e*Tor)  compara¬ 
ble  to  that  required  of  the  positive  dis¬ 
placement  type  gas  meter.  Section 
2.9.2  of  appendix  I  has  been  modified 
to  allow  the  use  of  either  a  positive 
displacement  gas  meter  or  a  gas  flow 
meter  to  measure  the  gas  consumption 
of  pilot  lights.  Sections  3.2.1.2  and 
3.2.2. 1  of  appendix  I  have  been  modi¬ 
fied  to  provide  for  the  measurement  of 
the  gas  flow  rate  directly  when  a  gas 
flow  meter  is  used  and  sections  4.1. 2.2 
and  4.2.2.2.2  have  been  modified  to 
provide  for  the  direct  substitution  of 
the  gas  flow  rate  measurements  into 
the  equations  for  the  annual  energy 
consumption. 

(d)  Representative  use  of  self -clean¬ 
ing  operation  of  conventional  oven.  In 
the  proposed  test  procedures  the 
annual  energy  consumed  for  conven¬ 
tional  oven  self-cleaning  operations 
was  based  upon  11  cleanings  per  year 
for  electric  ovens  and  7  cleanings  per 
year  for  gas  ovens.  One  manufacturer 
suggested  that  7  cleanings  per  year  for 
an  electric  oven  would  more  accurately 
represent  the  average  annual  use  of 
this  feature.  Another  commenter  sug¬ 
gested  that  since  the  conventional 
oven  usage  is  somewhat  less  in  a  mi¬ 
crowave/conventional  range  than  in  a 
conventional  range,  the  annual  self¬ 
cleaning  energy  consumption  for  a  mi¬ 
crowave/conventional  range  should  be 
less  than  that  for  a  conventional 
range. 

The  number  of  self-cleaning  oper¬ 
ations  per  year  proposed  in  the  test 
procedures  are  based  upon  very  limit¬ 
ed  industry  data.  DOE  will  review 
these  numbers  should  more  complete 
field  data  become  available.  Likewise, 
additional  data  on  conventional  ovens, 
when  used  as  a  component  of  a  micro¬ 
wave/conventional  range  may  allow  a 
better  determination  of  the  average 
number  of  self -cleaning  operations 
which  best  represents  consumer  usage. 
DOE  is  not,  however,  aware  of  any 
data  at  this  time  which  would  justify 
changing  the  proposed  self-cleaning 
oven  usage  of  11  times  per  year  for 
electric  ovens  and  7  times  per  year  for 
gas  ovens. 

It  was  also  suggested  that  the  test 
procedures  should  account  for  the 
self-cleaning  energy  consumption  of 
cooking  appliances  consisting  of  two  or 
more  self-cleaning  ovens.  Another 
commenter  recommended  that  the  cal¬ 
culation  of  the  self -cleaning  energy  for 
two  or  more  self-cleaning  ovens  be 


based  on  the  same  total  number  of 
self-cleaning  operations  per  year  as  for 
a  single  oven. 

The  method  of  calculating  the 
annual  energy  consumption  for  cook¬ 
ing  with  multiple  conventional  ovens 
is  based  on  the  premise  that  the  total 
usage  of  multiple  ovens  is  the  same  as 
that  of  a  single  oven.  It  follows  that  if 
the  usage  is  the  same,  the  total 
number  of  self-cleaning  operations 
should  be  the  same.  Section  4.1. 2.6  of 
appendix  I  has  been  changed  to  pro¬ 
vide  for  multiple  self-cleaning  ovens. 
The  total  self-cleaning  energy  con¬ 
sumption  is  now  computed  as  the  aver¬ 
age  of  the  separate  ovens,  which  is 
analogous  to  the  computation  of  cook¬ 
ing  energy  for  multiple  ovens. 

12.  MICROWAVE  OVEN  TEST  METHOD 

(a)  Test  load  temperature.  The  pro¬ 
posed  test  procedures  provide  that  mi¬ 
crowave  ovens  be  tested  with  test 
loads  consisting  of  water  in  glass  beak¬ 
ers.  It  was  recommended  in  one  com¬ 
ment  that  the  starting  water  tempera¬ 
ture  of  the  test  load  should  be 
changed  from  ±4°  F  of  the  ambient 
room  air  temperature  as  proposed,  to 
68°  F  ±9*  F  (20*  C  ±5*  C),  as  specified 
in  the  international  Electrotechnical 
Commission  (IEC)  standard,  IEC-SC- 
59H,  1975,  entitled  “Methods  of  Meas¬ 
uring  Performance  of  Microwave 
Cooking  Appliances  for  Household 
and  Similar  Purposes.”  The  com¬ 
menter  indicated  that  a  temperature 
below  room  ambient  air  temperature  is 
not  inappropriate  because  foods  are 
often  taken  directly  from  the  refrig¬ 
erator  to  the  microwave  oven. 

For  a  nominal  room  temperature  of 
77°  F  the  proposed  initial  water  tem¬ 
perature  would  be  within  the  range  of 
77°  F  ±4°,  which  would  overlap  the  al¬ 
lowable  range  of  59°  to  77°  F  in  the 
above  IEC  standard  by  only  4°  F.  With 
such  an  overlap  of  only  4°  F  it  was 
claimed  that  it  would  be  difficult  and 
burdensome  to  obtain  test  data  which 
would  satisfy  both  the  DOE  test  pro¬ 
cedures  and  those  tests  required  to  be 
conducted  in  accordance  with  the 
above  IEC  standard. 

Any  change  to  the  starting  water 
temperature  naturally  affects  the 
final  water  temperature  achieved  after 
a  specified  temperature  rise.  NBS  has 
determined  from  laboratory  testing,  as 
published  in  the  NBS  report,  NBSIR- 
77-1387,  September  1977,  entitled 
“Evaluation  of  a  Test  Method  for 
Measuring  Microwave  Oven  Cooking 
Efficiency,”  that  the  final  test  load 
temperature  may  have  a  considerable 
effect  on  the  microwave  oven  cooking 
efficiency.  For  extreme  conditions  the 
tolerance  in  the  proposed  test  proce¬ 
dures  would  allow  a  maximum  vari¬ 
ation  of  ±22°  F  in  the  final  water  tem¬ 
perature,  since  the  final  water  tem¬ 
perature  in  the  proposed  test  proce¬ 
dures  is  determined  by  three  factors: 


the  difference  between  the  initial 
water  temperature  and  the  room  tem¬ 
perature  (±4°  F),  the  ambient  room 
air  temperature  (77°  ±9°  F),  and  the 
temperature  rise  of  the  water  during 
the  test  (45°  ±9°  F). 

Complying  with  the  commenter’s 
recommendation  would  reduce  the 
above  variation  in  final  water  tempera¬ 
ture  to  ±18°  F.  NBS  recommends  that 
this  variation  be  further  limited  by 
specifying  that  the  initial  test  load 
temperature  be  within  the  range  of  68° 
to  77°  F.  This  would  allow  the  same 
possible  overlap  between  the  initial 
water  temperature  and  the  ambient 
room  air  temperature  as  allowed  in 
the  proposed  IEC  test  procedure,  but 
would  limit  the  maximum  variation  in 
the  final  water  temperature.  NBS  feels 
that  this  temperature  range  adequate¬ 
ly  represents  consumer  usage.  NBS 
recommends  against  the  adoption  of 
that  portion  of  the  comment  which 
suggested  a  temperature  below  68°  F. 
since  that  particular  change  to  the 
test  procedures  would  seriously  de¬ 
grade  the  accuracy  and  repeatability 
of  the  test  results  by  permitting  too 
wide  a  tolerance  on  the  final  water 
temperature. 

Based  on  the  recommendation  of 
NBS.  DOE  has  specified  in  section 
2.8.2. 1  of  appendix  I  that  the  initial 
temperature  of  the  test  loads  be 
within  the  range  of  68°  F  to  77°  F. 

(b)  Cooking  efficiency.  In  section 
4.4.3  of  appendix  I,  the  test  procedures 
proposed  a  method  for  determining 
the  cooking  efficiency  of  the  micro- 
wave  oven  in  which  the  cooking  effi¬ 
ciencies  for  each  test  load  were  added 
and  divided  by  4,  the  number  of  test 
loads.  One  comment  recommended 
that  the  cooking  efficiency  be  deter¬ 
mined  instead  by  dividing  the  average 
output  power  derived  using  the  four 
different  test  loads  by  the  average 
input  power  for  those  tests,  in  order  to 
be  consistent  with  the  method  used  in 
the  proposed  AH  AM  standard,  ER-4- 
MWO,  1977,  entitled  “Performance 
Evaluation  Procedure  for  Microwave 
Cooking  Appliances.” 

Using  laboratory  test  data,  NBS 
compared  the  resulting  cooking  effi¬ 
ciencies  determined  according  to  both 
of  the  above  methods.  NBS  concluded 
that  there  was  no  significant  differ¬ 
ence  in  the  resulting  cooking  efficien¬ 
cy  when  determined  by  either  the  pro¬ 
posed  test  method  or  the  suggested 
method.  Based  on  NBS’  recommenda¬ 
tion,  DOE  has  retained  in  section  4.4.2 
of  appendix  I  the  proposed  method  for 
determining  the  microwave  oven  cook¬ 
ing  efficiency. 

(c)  Test  energy  consumption.  One 
commenter  recommended  that  the 
starting  point  for  the  measurement  of 
time,  t,  and  the  input  energy,  E,  pro¬ 
posed  in  section  3.2.3  of  appendix  I, 
should  be  after  the  time  when  the 
magnetron  (which  is  a  type  of  vacuum 
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tube  used  to  generate  power  in  micro- 
wave  ovens)  reaches  full  power  output, 
instead  of  the  beginning  of  the  test  as 
proposed.  The  suggested  change  would, 
make  the  test  procedures  consistent 
with  the  procedures  in  the  proposed 
AHAM  standard  ER-4-MWO,  1977. 
The  commenter  also  claimed  that  this 
change  would  have  no  effect  on  the 
test  results. 

NBS  recommends  against  adopting 
this  change  since  there  could  be  cases 
when  the  amount  of  energy  used  by 
the  microwave  oven  before  the  magne¬ 
tron  reaches  full  power  may  be  signifi¬ 
cant. 

DOE  has,  therefore,  retained  the 
method  proposed  in  section  3.2.3  of  ap¬ 
pendix  I  of  measuring  the  data  from 
the  time  that  the  microwave  oven  is 
turned  on.  This  method  will  produce 
test  results  that  are  representative  of 
actual  consumer  use. 

<d)  Resolution  of  the  watt-hour 
meter.  NBS  has  determined  that  the 
accuracy  and  repeatability  of  the  mi¬ 
crowave  oven  test  results  could  be  sig¬ 
nificantly  improved  if  the  watt-hour 
meter  used  to  measure  the  microwave 
oven  energy  consumption  had  a  reso¬ 
lution  of  0.1  watt-hour,  rather  than  1 
watt-hour  as  indicated  in  section  2.9.1 
of  the  proposed  test  procedures.  Watt- 
hour  meters  with  a  resolution  0.1  watt- 
hour  are  available  at  about  the  same 
cost  as  watt-hour  meters  with  a  resolu¬ 
tion  of  only  1  watt-hour  and  their  use 
would  significantly  increase  the  accu¬ 
racy  of  the  test  measurements.  DOE 
has  determined  that  the  accompany¬ 
ing  improvement  in  accuracy  of  the 
derived  test  results  outweighs  the  pos¬ 
sible  increase  in  the  test  burden. 
Therefore,  DOE  adopts  the  suggested 
change  by  modifying  section  2.9.1  of 
appendix  I. 

13.  USAGE  FACTORS  FOR  MICROWAVE/ 
CONVENTIONAL  RANGES 

The  proposed  test  procedures  pre¬ 
scribed  usage  factors,  K  and  L,  to  ac¬ 
count  for  a  reduced  usage  of  the  con¬ 
ventional  oven  and  conventional  cook¬ 
ing  top  of  a  microwave/conventional 
range  compared  to  the  usage  of  the 
conventional  oven  and  cooking  top  of 
a  conventional  range.  The  usage  factor 
K  was  defined  as  the  annual  energy 
consumption  for  cooking  of  the  con¬ 
ventional  oven  component  of  a  micro¬ 
wave/conventional  range  divided  by 
the  annual  energy  consumption  for 
cooking  of  the  conventional  oven  com¬ 
ponent  of  a  conventional  range.  The 
usage  factor  L  was  defined  as  the 
annual  energy  consumption  for  cook¬ 
ing  of  the  conventional  cooking  top 
component  of  a  microwave/conven¬ 
tional  range  divided  by  the  annual 
energy  consumption  for  cooking  of  the 
conventional  cooking  top  component 
of  a  conventional  range.  In  the  pro¬ 
posed  test  procedures,  K  equaled 
0.8196  in  section  4.5.1.1  of  appendix  I 


and  L  equaled  0.9076  in  section  4.5. 1.2 
of  appendix  I. 

Several  commenters  expressed  con¬ 
cern  about  the  proposed  numerical 
values  of  the  usage  factors,  K  and  L, 
and  recommended  different  values  for 
these  usage  factors.  In  the  proposed 
test  procedures,  the  total  useful  cook¬ 
ing  energy  output  of  a  microwave/con¬ 
ventional  range  was  assumed  to  be  the 
same  as  that  of  a  conventional  range. 
The  commenters  recommended  that  in 
the  final  test  procedures  the  total 
useful  cooking  energy  output  of  micro¬ 
wave/conventional  range  should  be 
less  than  that  of  a  conventional  range 
in  order  to  be  consistent  with  AHAM 
field  data.  The  commenter  also  felt 
that  this  would  reflect  the  proper 
energy  savings  obtained  through  the 
use  of  the  microwave  oven.  This 
AHAM  field  data,  supplied  to  NBS  and 
FEA  on  August  3,  1976,  showed  a  14 
percent  energy  savings  for  those 
households  which  had  a  microwave 
oven  and  a  conventional  range  as  op¬ 
posed  to  a  conventional  range  alone. 
One  manufacturer  presented  addition¬ 
al  data  to  support  his  claim  that  mi¬ 
crowave/conventional  ranges  save  15 
percent  more  cooking  energy  than 
conventional  ranges.  Both  the  AHAM 
data  and  the  manufacturer’s  data  indi¬ 
cated  higher  cooking  efficiencies  for 
microwave  ovens  than  for  convention¬ 
al  cooking  tops.  This  conclusion,  how¬ 
ever,  is  contrary  to  results  obtained 
from  NBS  laboratory  testing.  NBS 
conducted  tests  according  to  the  pro¬ 
posed  tests  procedures  of  microwave 
ovens  and  conventional  cooking  tops. 
The  cooking  efficiencies  of  these  prod¬ 
ucts  were  derived  from  the  NBS  test 
results,  and  NBS  concluded  that  the 
cooking  efficiency  of  a  conventional 
cooking  top  was  higher  than  the  cook¬ 
ing  efficiency  of  a  microwave  oven, 
when  tested  in  accordance  with  the 
proposed  test  procedures.  NBS  has  de¬ 
termined  that  the  proposed  method 
for  measuring  the  useful  cooking 
energy  output  of  microwave  ovens  and 
conventional  cooking  tops  adequately 
represents  consumer  cooking  in  the 
home. 

Another  manufacturer  submitted 
data  based  upon  a  limited  field  survey 
which  monitored  households  which 
used  conventional  ranges  in  conjunc¬ 
tion  with  microwave  ovens.  The 
amount  of  energy  consumption  was 
measured  before  and  after  the  addi¬ 
tion  of  the  microwave  oven  to  the 
household.  This  survey  indicated  that 
the  total  average  energy  savings  for 
these  households  as  a  result  of  the  ad¬ 
dition  of  the  microwave  oven  was  3 
percent.  The  data  from  this  field 
survey  indicates  that  the  total  useful 
cooking  energy  output  for  a  micro¬ 
wave/conventional  range  is  less  than 
for  a  conventional  range.  NBS  has  de¬ 
termined  that  the  results  of  this 
survey  are  the  most  representative 


consumer  usage  data  available.  They 
were  derived  from  an  accurate  method 
of  comparing  the  effect  of  the  addi¬ 
tion  of  a  microwave  oven  into  the 
home,  since  the  same  households  with 
and  without  the  microwave  oven  were 
used  for  the  tests.  This  minimized  any 
possible  variations  in  energy  consump¬ 
tions  that  could  have  been  caused  by 
differences  in  consumer  cooking 
habits.  NBS  has  therefore  recom¬ 
mended  that  the  usage  factors,  K  and 
L,  be  changed  to  conform  to  the  above 
field  survey  results. 

DOE  has  adopted  the  NBS  recom¬ 
mendation  and  has  provided  usage 
factor  K  of  0.83  and  a  usage  factor  L 
of  0.85  in  section  4.5  of  appendix  I. 
The  usage  factors  have  been  expressed 
in  two  significant  figures,  rather  than 
four  significant  figures  as  in  the  pro¬ 
posed  test  procedures,  in  order  to  be 
compatible  with  the  data  which  has 
been  used  to  generate  these  usage  fac¬ 
tors.  Consistent  with  these  changes, 
the  value  of  total  annual  useful 
energy  output  for  a  microwTave/con- 
ventional  range,  Or*.  in  section  4.5  of 
appendix  I  has  been  reduced  by  4.9 
percent  to  808.9  kWh  (1,054,000  Btu). 

14.  CONVENTIONAL  COOKING  TOP  TEST 
METHOD 

One  manufacturer  claimed  that  the 
use  of  an  aluminum  test  block  pro¬ 
posed  in  the  test  procedures  for  test¬ 
ing  conventional  cooking  tops  does  not 
properly  relate  to  the  cooking  of  food. 
The  commenter  claimed  that  the  cook¬ 
ing  efficiencies  of  conventional  cook¬ 
ing  tops  would  be  more  accurately 
measured  using  water  in  a  beaker  as 
the  test  load.  The  commenter  also  felt 
that  the  cooking  efficiency  obtained 
by  using  the  proposed  test  Block  would 
be  too  high.  The  data  presented  by 
the  commenter  to  support  this  propo¬ 
sition  was  reviewed  by  NBS,  and  deter¬ 
mined  not  to  be  representative  of 
actual  consumer  use  because  of  the 
smallness  of  the  test  load  used  and  the 
failure  to  collect  any  data  at  reduced 
wattage  settings. 

In  response  to  this  comment,  NBS 
reviewed  existing  industry  data  on  the 
cooking  efficiencies  of  conventional 
cooking  tops  when  tested  with  food. 
NBS  also  conducted  laboratory  tests 
of  conventional  cooking  tops  using  the 
proposed  aluminum  test  block  and 
using  various  types  of  cooking  utensils 
with  water  loads.  The  results  of  these 
tests  were  then  compared  to  the  indus¬ 
try  data  derived  when  cooking  with 
food. 

NBS  concluded  that  testing  conven¬ 
tional  cooking  tops  with  a  test  block 
will  provide  more  representative  and 
repeatable  test  results  than  testing 
with  a  water  test  load.  Based  on  the 
NBS  recommendation,  DOE  has  re¬ 
tained  the  use  of  the  aluminum  test 
block  for  testing  conventional  cooking 
tops  in  the  test  procedures  prescribed 
today. 


FEDERAL  REGISTER,  VOL  43,  NO.  91— WEDNESDAY,  MAY  10,  197S 


RULES  AND  REGULATIONS 


20117 


15.  OVEN  SIZE  CATEGORIES 

All  conventional  ovens  regardless  of 
size  are  treated  in  the  same  manner  in 
the  proposed  test  procedures.  A 
number  of  manufacturers  recommend¬ 
ed  that  the  test  procedures  provide  for 
different  oven  categories  to  be  deter¬ 
mined  on  the  basis  of  the  size  of  the 
oven's  cooking  compartment.  The 
commenters  were  concerned  that  if  a 
minimum  standards  program  should 
be  established,  the  present  test  proce¬ 
dures  could  lead  to  the  elimination 
from  the  marketplace  of  larger  ovens, 
since  larger  ovens  would  not  appear  to 
be  as  energy  efficient,  based  on  the 
test  procedures,  as  the  smaller  ovens. 
Any  attempt  to  relate  the  prescription 
of  final  test  procedures  to  a  minimum 
standards  program  under  the  Act 
would  be  premature  at  this  time.  DOE 
has  also  determined  that  although  the 
test  procedures  provide  for  only  one 
category  of  ovens,  the  derived  meas¬ 
ures  of  energy  consumption  still  are 
likely  to  assist  consumers  in  making 
purchasing  decisions. 

16.  REPRESENTATIONS  REGARDING 
MEASURES  OF  ENERGY  CONSUMPTION 

Test  procedures  prescribed  under 
section  323  of  the  Act  are  intended  ul¬ 
timately  to  be  used  for  labeling  under 
section  324  of  the  Act,  for  monitoring 
the  progress  of  manufacturers  toward 
accomplishing  the  energy  efficiency 
improvement  targets  under  section  325 
of  the  Act,  and  for  enforcement  test¬ 
ing  under  section  326  of  the  Act.  All  of 
these  aspects  of  the  appliance  pro¬ 
gram  have  not,  however,  been  imple¬ 
mented.  It  is  quite  possible  that  the 
objectives  of  appliance  testing  under 
each  of  these  parts  of  the  program,  as 
well  as  the  instructions  on  how  a  test 
procedure  should  be  applied  (e.g.,  sam¬ 
pling  of  production  units),  may  differ. 
DOE,  NBS,  and  FTC  are  continuing  to 
evaluate  the  appropriate  method  or 
methods  for  applying  the  test  proce¬ 
dures  in  order  to  comply  with  the  stat¬ 
ute  and  satisfy  all  of  the  different  ele¬ 
ments  of  the  appliance  program.  Thus, 
a  generalized  test  methodology  for  ap¬ 
plying  test  procedures  is  inappropriate 
at  this  time. 

While  all  of  the  various  parts  of  the 
appliance  program  Identified  above 
are  not  in  effect  at  this  time,  section 
323(c)  of  the  Act  provides: 

Effective  90  days  after  a  test  procedure 
rule  applicable  to  a  covered  product  is  pre¬ 
scribed  under  this  section,  no  manufacturer, 
distributor,  retailer  or  private  labeler  may 
make  any  representation— 

(1)  In  writing  (including  a  representation 
on  a  label),  or 

(2)  In  any  broadcast  advertisement,  re¬ 
specting  the  energy  consumption  of  such 
product  or  cost  of  energy  consumed  by  such 
product,  unless  such  product  has  been 
tested  in  accordance  with  such  test  proce¬ 
dure  and  such  representation  fairly  dis¬ 
closes  the  results  of  such  testing. 

In  order  to  implement  this  statutory 
requirement,  the  sampling  require¬ 


ments  prescribed  today  in  §430.24(1) 
apply  only  where  a  representation  is 
made  with  respect  to  the  energy  con¬ 
sumption  of  kitchen  ranges  and  ovens. 

Section  430.24(1)  provides  a  method 
by  which  the  minimum  size  of  a 
sample  of  kitchen  ranges  and  ovens  is 
to  be  determined.  Representations  re¬ 
garding  the  enei^y  consumption  of 
kitchen  ranges  and  ovens  must  be 
based  upon  the  testing  of  that  sample. 
Under  the  regulations,  the  sample  will 
have  to  be  of  sufficient  size  to  assure 
that,  for  each  representation  regard¬ 
ing  a  measure  of  energy  consumption 
described  in  §430.22(1),  there  is  a  95 
percent  confidence  that  the  true  mean 
of  such  measures  of  the  basic  model  to 
which  the  representation  applies  is 
within  5  percent  of  the  mean  of  such 
measures  of  the  sample. 

Strict  sampling  of  conventional  and 
microwave/conventional  ranges  could, 
in  many  cases,  result  in  duplicative 
testing.  This  is  because  it  is  likely  that 
the  conventional  cooking  tops,  conven¬ 
tional  ovens,  and  microwave  ovens 
which  comprise  these  products  would 
be  marketed  as  distinct  products  and 
would,  therefore,  have  already  been 
tested.  In  order  to  avoid  re-testing  the 
components  of  conventional  and- 
mircowave/conventional  ranges, 

§  430.24(1)  permits  data  obtained  from 
the  testing  of  the  major  cooking  com¬ 
ponents  (conventional  cooking  tops, 
conventional  ovens,  and  microwave 
ovens)  which  comprise  conventional 
ranges  and  microwave/conventional 
ranges  to  be  used  in  making  represen¬ 
tations  concerning  those  ranges. 

As  discussed  above,  §430.24(1)  has 
been  modified  to  clarify  that  for  pur¬ 
poses  of  making  representations  re¬ 
specting  the  energy  consumption  of 
kitchen  ranges  and  ovens,  convertible 
cooking  appliances  need  only  be  tested 
using  natural  gas  if  the  manufacturer 
does  not  wish  to  test  using  both  natu¬ 
ral  gas  and  propane.  This  will  ease  the 
burden  on  the  manufacturer  conduct¬ 
ing  the  test.  In  this  case,  however,  the 
manufacturer  must  utilize  the  values 
derived  for  the  annual  energy  con¬ 
sumptions  from  testing  with  natural 
gas  to  determine  the  appropriate 
measures  of  energy  consumption  that 
would  represent  the  LP-gas  usage  of 
that  convertible  cooking  appliance. 
However,  cooking  appliances  which 
are  designed  to  use  only  natural  gas 
must  be  tested  using  natural  gas  and 
cooking  appliances  which  are  designed 
to  use  only  LP-gas  must  be  tested 
using  propane  gas.  Except  for  these 
modifications,  §  430.22(1)  prescribed 
today  is  similar  in  all  respects  to  the 
section  proposed.  The  comments 
which  addressed  §430.22(1)  found  the 
substance  of  its  provisions  acceptable 
as  proposed. 

Until  a  labeling  rule  for  kitchen 
ranges  and  ovens  has  been  implement¬ 
ed  pursuant  to  section  324,  manufac¬ 


turers  are  not  required  to  test,  unless 
they  choose  to  make  representations 
regarding  a  measure  of  energy  con¬ 
sumption  identified  in  or  based  upon 
§430.22(1).  It  should  also  be  empha¬ 
sized  that  the  test  procedures  pre¬ 
scribed  today  apply  only  to  the  initial 
rating  of  a  basic  model. 

IT.  PRODUCTS  NOT  COVERED  BY  TEST 
PROCEDURES 

One  commenter  recommended  that 
the  definition  of  microwave/conven¬ 
tional  range  be  expanded  to  include 
the  following  two  products  which  he 
felt  were  being  excluded  from  the  pro¬ 
posed  test  procedures:  (1)A  microwave 
oven  in  combination  with  a  conven¬ 
tional  oven  and  (2)  a  microwave  oven 
in  combination  with  a  conventional 
cooking  top.  No  consumer  usage  data 
on  these  products  was  provided. 

Section  323(a)(3)  of  the  Act  requires 
that  proposed  test  procedures  for 
kitchen  ranges  and  ovens  be  published 
not  later  than  September  30,  1976. 
Section  323(a)(6)  of  the  Act,  however, 
provides  that  the  publication  of  pro¬ 
posed  test  procedures  for  a  type  of 
covered  product  (or  class  thereof)  may 
be  delayed  beyond  the  required  dates 
of  publication,  if  it  is  determined  that 
publication  of  the  proposed  test  proce¬ 
dures  cannot  be  made  within  the  ap¬ 
plicable  time  period  and  notice  of  such 
determination  is  published  in  the  Fed¬ 
eral  Register. 

In  addition  to  prescribing  test  proce¬ 
dures  today  for  most  classes  of  "kitch¬ 
en  ranges  and  ovens”,  DOE  gives 
notice  of  its  determination  to  delay 
further  the  publication  of  proposed 
test  procedures  for  any  class  of  the 
type  "kitchen  ranges  and  ovens”  other 
than  conventional  ranges,  convention¬ 
al  cooking  tops,  conventional  ovens, 
microwave  ovens,  and  microwave/con¬ 
ventional  ranges.  In  particular,  DOE  is 
delaying  further  the  publication  of 
proposed  test  procedures  for  the  fol¬ 
lowing  consumer  products  which  are 
relatively  new  products  and,  therefore, 
presently  represent  only  a  small  per¬ 
centage  of  the  market:  (1)  Cooking 
tops  which  utilize  induction  surface 
heating  elements:  (2)  single  compart¬ 
ment  ovens  which  are  capable  of  heat¬ 
ing  food  by  means  of  electric  resis¬ 
tance  heaters  and  microwave  energy  in 
the  same  compartment;  (3)  a  micro- 
wave  oven  in  combination  with  a  con¬ 
ventional  oven:  and  (4)  a  microwave 
oven  in  combination  with  a  conven¬ 
tional  cooking  top.  NBS  has  deter¬ 
mined  that  there  is  not  sufficient  data 
at  this  time  on  the  consumer  usage  of 
these  products  to  develop  adequate 
test  procedures  to  measure  their 
energy  consumption,  cooking  efficien¬ 
cy  or  energy  factor.  DOE  will  publish 
proposed  test  procedures  for  such 
products,  as  soon  as  practicable,  unless 
it  determines  that  test  procedures 
cannot  be  developed  which  meet  the 
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requirements  of  section  323(b)  of  the 
Act  and  publishes  such  determination 
in  the  Federal  Register  together  with 
the  reasons  therefor. 

18.  MISCELLANEOUS 

After  careful  consideration  of  all  of 
the  comments  and  further  consulta¬ 
tion  with  NBS  and  FTC,  DOE  has 
made  some  editorial  and  minor  techni¬ 
cal  changes  in  the  proposed  test  proce¬ 
dures  that  were  not  discussed  above 
and  Incorporated  them  in  the  final 
rule  prescribed  today. 

C.  Regulations  Prescribed 

1.  TEST  PROCEDURES 

The  test  procedures  for  conventional 
ranges,  conventional  cooking  tops, 
conventional  ovens,  microwave  ovens 
and  microwave/conventional  ranges 
prescribed  today  are  included  in  Sub¬ 
part  B  and  are  substantially  the  same 
as  those  proposed,  with  the  addition  of 
the  changes  discussed  above.  As  with 
the  proposed  procedures,  the  test 
methodology  incorporates  the  field 
survey  data  and  the  general  approach 
of  the  proposed  AHAM  Standard  Test 
Method  for  Measuring  Energy  Con¬ 
sumption  of  Electric  and  Gas  Ovens 
and  Surface  Units  and  Microwave 
Ovens  (ER-5-EC)  dated  August  2,  1976 
and  of  the  proposed  AHAM  Standard 
Performance  Evaluation  Procedure  for 
Microwave  Cooking  Appliances  (ER-4- 
MWO).  The  test  procedures  also  incor¬ 
porate  the  general  approach  contained 
in  the  American  National  Standards 
Institute  (ANSI)  standard  ANS-C71.1- 
1972  for  household  electric  ranges. 
Some  provisions  for  conventional 
ranges,  conventional  cooking  tops  and 
conventional  ovens  contained  in  the 
ANSI  standard  ANS-Z21.1-1974  (as 
amended  by  ANS-Z21. la-1974  and 
ANS-Z21. lb-1976)  for  household  cook¬ 
ing  gas  appliances  and  the  Underwrit¬ 
ers  Laboratories  Incorporated  (UL) 
standard  UL-858  for  household  elec¬ 
tric  ranges  were  also  incorporated.  For 
purposes  of  DOE’S  appliance  program, 
the  incorporated  approaches  remain 
applicable  as  presently  written,  re¬ 
gardless  of  any  subsequent  amend¬ 
ment  by  the  standard  setting  organiza¬ 
tions  until  such  time  as  DOE  may  fur¬ 
ther  amend  the  test  procedures. 

Pursuant  to  section  301  of  the  DOE 
Act,  DOE  became  responsible  for  com¬ 
plying  with  section  32  of  the  Federal 
Energy  Administration  Act  of  1974 
(FEA  Act)  (15  U.S.C.  761  et  seq.),  as 
amended  by  section  9  of  the  Federal 
Energy  Administration  Authorization 
Act  of  1977  (Pub.  L.  95-70).  Under  the 
requirements  of  section  32(c)  of  the 
FEA  Act,  the  Attorney  General  and 
the  Chairman  of  the  Federal  Trade 
Commission  must  be  consulted  con¬ 
cerning  the  impact  on  competition  of 
any  rules  prescribed  by  DOE  which 
utilize  or  incorporate  any  commercial 


standards.  DOE  has  transmitted 
copies  of  the  test  procedures  for  con¬ 
ventional  ranges,  conventional  cooking 
tops,  conventional  ovens,  microwave 
ovens,  and  microwave/conventional 
ranges,  which  incorporate  the  above- 
mentioned  commercial  standards,  to 
the  Attorney  general  and  the  Chair¬ 
man  of  the  Federal  Trade  Commission 
for  their  comments  concerning  the 
impact  of  such  standards  on  competi¬ 
tion,  in  accordance  with  section  32(c). 
Neither  official  had  any  unfavorable 
comments  nor  did  they  recommend 
against  the  incorporation  or  use  of 
these  commercial  standards  in  the 
final  test  procedures  for  conventional 
ranges,  conventional  cooking  tops, 
conventional  ovens,  microwave  ovens, 
and  microwave/conventional  ranges. 

2.  GENERAL  PROVISIONS 

Definitions  of  "electric  range,”  “non- 
electiic  range,”  and  “surface  unit," 
were  originally  proposed  by  notice 
issued  May  10,  1976  (41  FR  19977,  May 
14,  1976).  The  proposed  test  proce¬ 
dures  withdrew  these  definitions  in 
§430.2  and  provided  a  new  definition 
of  "surface  unit”  and  added  defini¬ 
tions  for  "DOE,”  "Secretary,”  “kitch¬ 
en  ranges  and  ovens”  and  each  of  the 
different  classes  of  the  type  "kitchen 
ranges  and  ovens.”  Today’s  rulemak¬ 
ing  prescribes  definitions  for  "conven¬ 
tional  cooking  top,”  "conventional 
oven,”  "conventional  range,”  "convert¬ 
ible  cooking  appliance,”  “DOE,”  kitch¬ 
en  ranges  and  oven,”  “LP-gas,”  “major 
cooking  component,”  "microwave/con¬ 
ventional  range,”  "microwave  oven,” 
“Secretary,”  and  “surface  unit.”  The 
definition  of  the  term  "basic  model” 
for  "kitchen  ranges  and  ovens”  has 
also  been  added.  Any  comments  which 
were  received  regarding  these  defini¬ 
tions  and  the  issues  which  they  raised 
have  been  discussed  earlier  in  this  ru¬ 
lemaking. 

3.  APPLICATION  OF  TEST  PROCEDURES 

As  discussed  previously,  the  final 
test  procedures  prescribed  today  must 
be  applied  before  representations  re¬ 
garding  a  measure  of  energy  consump¬ 
tion  can  be  made.  Because  the  pur¬ 
poses  and  needs  of  the  different  ele¬ 
ments  of  the  appliance  program  (e.g., 
labeling,  targets)  vary,  application  of 
the  standard  test  methodology  pre¬ 
scribed  today  may  differ  in  some  re¬ 
spects  for  each  program  element.  It  is 
expected  that  instructions  for  apply¬ 
ing  the  standard  test  methodology  to 
these  other  elements  of  the  appliance 
program  will  be  proposed  for  comment 
in  the  near  future. 

The  requirements  of  §430.24(0  of 
the  final  regulations  apply  until  such 
time  as  the  final  labeling  requirements 
for  a  particular  measure  of  energy 
consumption  and  the  provision  for  ap¬ 
plying  the  associated  test  procedures 
are  prescribed.  After  that  time,  any 


representations  regarding  a  measure 
of  energy  consumption  covered  by  a 
labeling  rule  must  be  the  same  as  the 
measure  of  energy  consumption  speci¬ 
fied  on  the  label. 

D.  Unit  Cost  of  Energy 

Under  section  323(b)(2)  of  the  Act, 
FEA  was  to  provide  manufacturers 
with  information  on  representative 
average  unit  costs  of  energy.  This  in¬ 
formation  was  provided  by  notice 
issued  by  FEA  on  July  11,  1977  (42  FR 
36549,  July  15,  1977). 

E.  Preemption 

Today’s  rulemaking  prescribing  final 
test  procedures  for  conventional 
ranges,  conventional  cooking  tops, 
conventional  ovens,  microwave  ovens, 
and  microwave/conventional  ranges 
supersedes  any  State  regulation  to  the 
extent  required  by  section  327  of  the 
Act.  Pursuant  to  section  327,  all  State 
regulations  which  provide  for  the  dis¬ 
closure  of  information  with  respect  to 
any  measure  of  energy  consumption  of 
conventional  ranges,  conventional 
cooking  tops,  conventional  ovens,  mi¬ 
crowave  ovens,  and  microwave/con¬ 
ventional  ranges,  or  which  provide  for 
an  energy  efficiency  standard  or  simi¬ 
lar  requirement  regarding  the  energy 
efficiency  or  energy  use  of  convention¬ 
al  ranges,  conventional  cooking  tops, 
conventional  ovens,  microwave  ovens, 
and  microwave/conventional  ranges 
must  now  employ  test  procedures 
identical  to  those  specified  in  today’s 
final  rule. 

(Energy  Policy  and  Conservation  Act,  Pub. 
L.  94-163,  as  amended  by  Pub.  L.  94-385; 
Federal  Energy  Administation  Act  of  1974, 
Pub.  L.  93-275,  as  amended  by  Pub.  L.  94- 
385;  Department  of  Energy  Organization 
Act,  Pub.  L.  95-91;  EO  11790,  39  FR  23185.) 

In  consideration  of  the  foregoing. 
Part  430  of  Chapter  n  of  Title  10, 
Code  of  Federal  Regulations  is  amend¬ 
ed  as  set  forth  below,  effective  June 
15. 1978. 

Issued  in  Washington,  D.C.,  May  2, 
1978. 

William  P.  Davis, 
Deputy  Director 
of  Administration. 

1.  Section  430.2  is  amended  by 
adding  paragraph  (9)  as  part  of  the 
definition  of  "basic  model,”  and  by 
adding  in  the  appropriate  alphabetical 
order  definitions  of  "conventional 
cooking  top,”  “conventional  oven,” 
"conventional  range,”  "convertible 
cooking  appliance,”  "DOE,”  “kitchen 
ranges  and  ovens,”  “LP-gas,”  "major 
cooking  component,”  “microwave/con¬ 
ventional  range,”  “microwave  oven,” 
"other  kitchen  ranges  and  ovens,” 
"Secretary,”  and  "surface  unit”  to 
read  as  follows: 

§  430.2  Definitions. 

*  *  *  *  * 
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“Basic  model"  means  all  units  of  a 
given  type  of  covered  product  (or  class 
thereof)  manufactured  by  one  manu¬ 
facturer  and— 

•  •  •  •  • 

(9)  With  respect  to  kitchen  ranges 
and  ovens,  whose  major  cooking  com¬ 
ponents  have  the  same  primary  energy 
source,  which  have  electrical  charac¬ 
teristics  that  are  essentially  identical, 
and  which  do  not  have  any  differing 
physical  or  functional  characteristics 
that  affect  energy  consumption. 

•  *  •  *  * 

“Conventional  cooking  top”  means  a 
class  of  kitchen  ranges  and  ovens 
which  is  a  household  cooking  appli¬ 
ance  consisting  of  a  horizontal  surface 
containing  one  or  more  surface  units 
which  include  either  a  gas  flame  pr 
electric  resistance  heating. 

•  •  •  •  • 

“Conventional  oven”  means  a  class 
of  kitchen  ranges  and  ovens  which  is  a 
household  cooking  appliance  consist¬ 
ing  of  one  or  more  compartments  in¬ 
tended  for  the  cooking  or  heating  of 
food  by  means  of  either  a  gas  flame  or 
electric  resistance  heating.  It  does  not 
include  portable  or  countertop  ovens 
which  use  electric  resistance  heating 
for  the  cooking  or  heating  of  food  and 
are  designed  for  an  electrical  supply  of 
approximately  120  volts. 

•  •  *  •  • 

“Conventional  range”  means  a  class 
of  kitchen  ranges  and  ovens  which  is  a 
household  cooking  appliance  consist¬ 
ing  of  a  conventional  cooking  top  and 
one  or  more  conventional  ovens. 

***** 

“Convertible  cooking  appliance” 
means  any  kitchen  range  and  oven 
which  is  a  household  cooking  appli¬ 
ance  designed  by  the  manufacturer  to 
be  changed  in  service  from  use  with 
natural  gas  to  use  with  LP-gas,  and 
vice  versa,  by  incorporating  in  the  ap¬ 
pliance  convertible  orifices  for  the 
main  gas  burners  and  a  convertible  gas 
pressure  regulator. 

***** 

“DOE”  means  the  Department  of 
Energy. 

***** 

“Kitchen  ranges  and  ovens”  means 
consumer  products  that  are  used  as 
the  major  household  cooking  appli¬ 
ances.  They  are  designed  to  cook  or 
heat  different  types  of  food  by  one  or 
more  of  the  following  sources  of  heat: 
Gas,  electricity,  or  microwave  energy. 
Each  product  may  consist  of  a  hori¬ 


zontal  cooking  top  containing  one  or 
more  surface  units  and/or  one  or  more 
heating  compartments.  They  must  be 
one  of  the  following  classes:  Conven¬ 
tional  ranges,  conventional  cooking 
tops,  conventional  ovens,  microwave 
ovens,  microwave/conventional  ranges 
and  other  kitchen  ranges  and  ovens. 

•  •  •  •  • 

"LP-gas”  means  liquified  petroleum 
gas,  and  includes  propane,  butane,  and 
propane/butane  mixtures. 

***** 

“Major  cooking  component”  means 
either  a  conventional  cooking  top,  a 
conventional  oven  or  a  microwave 
oven. 

***** 

“Microwave/conventional  range” 
means  a  class  of  kitchen  ranges  and 
ovens  which  is  a  household  cooking 
appliance  consisting  of  a  microwave 
oven,  a  conventional  oven,  and  a  con¬ 
ventional  cooking  top. 

***** 

“Microwave  oven”  means  a  class  of 
kitchen  ranges  and  ovens  which  is  a 
household  cooking  appliance  consist¬ 
ing  of  a  compartment  designed  to  cook 
or  heat  food  by  means  of  microwave 
energy. 

•  •  •  •  • 

“Other  kitchen  ranges  and  ovens” 
means  any  class  of  kitchen  ranges  and 
ovens  other  than  the  conventional 
range,  conventional  cooking  top,  con¬ 
ventional  oven,  microwave  oven,  and 
microwave/conventional  range  classes. 

***** 

“Secretary”  means  the  Secretary  of 
Energy. 

•  •  •  •  • 

“Surface  unit”  means  either  a  heat¬ 
ing  unit  mounted  in  a  cooking  top,  or  a 
heating  source  and  its  associated 
heated  area  of  the  cooking  top,  on 
which  vessels  are  placed  for  the  cook¬ 
ing  or  heating  of  food. 

•  •  •  •  • 

2.  Section  430.22  is  amended  by 
adding  a  paragraph  (i),  to  read  as  fol¬ 
lows: 

§  430.22  Test  procedures  for  measures  of 
energy  consumption. 

•  •  •  •  • 

(i)  Kitchen  ranges  and  ovens.  (1) 
The  estimated  annual  operating  cost 
for  conventional  ranges,  conventional 
cooking  tops,  conventional  ovens,  mi¬ 


crowave  ovens,  and  microwave/con¬ 
ventional  ranges  shall  be  the  sum  of 
the  following  products:  (i)  The  total 
annual  electrical  energy  consumption 
for  any  electrical  energy  usage,  in  kilo¬ 
watt-hours  (kWh’s)  per  year,  times  the 
representative  average  unit  cost  for 
electricity,  in  dollars  per  kWh,  as  pro¬ 
vided  pursuant  to  section  323(b)(2)  of 
the  Act;  plus  (ii)  the  total  annual  gas 
energy  consumption  for  any  natural 
gas  usage,  in  British  thermal  units 
(Btu’s)  per  year,  times  the  representa¬ 
tive  average  unit  cost  for  natural  gas. 
in  dollars  per  Btu,  as  provided  pursu¬ 
ant  to  section  323(b)(2)  of  the  Act: 
plus  (iii)  the  total  annual  gas  energy 
consumption  for  any  propane  usage,  in 
Btu’s  per  year,  times  the  representa¬ 
tive  average  unit  cost  for  propane,  in 
dollars  per  Btu,  as  provided  pursuant 
to  section  323(b)(2)  of  the  Act.  The 
total  annual  energy  consumption  for 
conventional  ranges,  conventional 
cooking  tops,  conventional  ovens,  mi¬ 
crowave  ovens,  and  microwave/con¬ 
ventional  ranges  shall  be  as  deter¬ 
mined  according  to  4.3.1,  4.2.2,  4. 1.2.5 
or  4.1.2.6,  4.4.3,  and  4.5. 1.3,  respective¬ 
ly,  of  appendix  I  to  this  subpart.  The 
estimated  annual  operating  cost  shall 
be  rounded  off  to  the  nearest  dollar 
per  year,  except  for  microwave  ovens, 
for  which  the  estimated  annual  oper¬ 
ating  cost  shall  be  rounded  off  to  the 
nearest  one-quarter  of  a  dollar  per 
year. 

(2)  The  cooking  efficiency  for  con¬ 
ventional  cooking  lops,  conventional 
ovens,  and  microwave  ovens  shall  be 
the  ratio  of  the  cooking  energy  output 
for  the  test  to  the  cooking  energy 
input  for  the  test,  as  determined  ac¬ 
cording  to  4.2.1. 3,  4  1.3  and  4  4.2,  re¬ 
spectively,  of  appendix  I  to  this  sub¬ 
part.  The  final  cooking  efficiency 
values  shall  be  rounded  off  to  three 
significant  digits. 

(3)  The  cooking  efficiency  for  con¬ 
ventional  ranges,  and  microwave/con 
ventional  ranges  snail  be  determined 
according  to  4.3.2  and  4.5.2,  respective 
ly,  of  appendix  l  to  this  subpart 
which  weights  the  cooking  efficiencie.>- 
of  the  major  cooking  components  ot 
the  range.  The  final  cooking  efficiency 
values  shall  be  rounded  off  to  three 
significant  digits 

(4)  The  energy  factor  for  conven¬ 
tional  ranges,  conventional  cooking 
tops,  conventional  ovens,  microwave 
ovens,  and  mic  rowave /conventional 
ranges  shall  be  the  ratio  of  the  annual 
useful  cooking  energy  output  to  the 
total  annual  energy  input,  as  deter¬ 
mined  according  to  4.3.3,  4  2.3,  4.1.4, 
4.4.4  and  4.5  3  respectively,  of  appen¬ 
dix  I  to  this  subpart.  The  final  energy 
factor  values  shall  be  rounded  off  to 
three  significant  digits. 

(5)  There  shall  be  two  estimated 
annual  operating  costs,  two  cooking  ef¬ 
ficiencies,  and  two  energy  factors  for 
convertible  cooking  appliances— (i)  an 
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estimated  annual  operating  cost,  a 
cooking  efficiency  and  an  energy 
factor  which  represent  values  for 
those  three  measures  of  energy  con¬ 
sumption  for  the  operation  of  the  ap¬ 
pliance  with  natural  gas;  and  (ii)  an  es¬ 
timated  annual  operating  cost,  a  cook¬ 
ing  efficiency  and  an  energy  factor 
which  represent  values  for  those  three 
measures  of  energy  consumption  for 
the  operation  of  the  appliance  with 
LP-gas. 

(6)  The  estimated  annual  operating 
cost  for  convertible  cooking  appliances 
which  represents  natural  gas  usage,  as 
described  in  paragraph  (i)(5)(i)  of  this 
section,  shall  be  determined  according 
to  paragraph  (i)(l)  of  this  section 
using  the  total  annual  gas  energy  con¬ 
sumption  for  natural  gas  times  the 
representative  average  unit  cost  for 
natural  gas. 

(7)  The  estimated  annual  operating 
cost  for  convertible  cooking  appliances 
which  represents  LP-gas  usage,  as  de¬ 
scribed  in  paragraph  (i)(5)(ii)  of  this 
section,  shall  be  determined  according 
to  paragraph  (iXl)  of  this  section 
using  the  representative  average  unit 
cost  for  propane  times  the  total 
annual  energy  consumption  of  the  test 
gas,  either  propane  or  natural  gas. 

(8)  The  cooking  efficiency  for  con¬ 
vertible  cooking  appliances  which  rep¬ 
resents  natural  gas  usage,  as  described 
in  paragraph  (i)(5)(i)  of  this  section, 
shall  be  determined  according  to  para¬ 
graphs  (i)(2)  and  (i)(3)  of  this  section 
when  the  appliance  is  tested  with  nat¬ 
ural  gas. 

(9)  The  cooking  efficiency  for  con¬ 
vertible  cooking  appliances  which  rep¬ 
resents  LP-gas  usage,  as  described  in 
paragraph  (i)(5)(ii)  of  this  section, 
shall  be  determined  according  to  para¬ 
graphs  (i)(2)  and  (i)(3)  of  this  section, 
when  the  appliance  is  tested  with 
either  natural  gas  or  propane. 

(10)  The  energy  factor  for  convert¬ 
ible  cooking  appliances  which  repre¬ 
sents  natural  gas  usage,  as  described  in 
paragraph  (i)(5)(i)  of  this  section, 
shall  be  determined  according  to  para¬ 
graph  (i)(4)  of  this  section  when  the 
appliance  is  tested  with  natural  gas. 

(11)  The  energy  factor  for  convert¬ 
ible  cooking  appliances  which  repre¬ 
sents  LP-gas  usage,  as  described  in 
paragraph  (i)(5)(ii)  of  this  section, 
shall  be  determined  according  to  para¬ 
graph  (i)(4)  of  this  section  when  the 
appliance  is  tested  with  either  natural 
gas  or  propane. 

(12)  Other  useful  measures  of 
energy  consumption  for  conventional 
ranges,  conventional  cooking  tops, 
conventional  ovens,  microwave  ovens 
and  microwave /conventional  ranges 
shall  be  those  measures  of  energy  con¬ 
sumption  which  the  Secretary  deter¬ 
mines  are  likely  to  assist  consumers  in 
making  purchasing  decisions  and 
which  are  derived  from  the  applica¬ 
tion  of  appendix  I  to  this  subpart. 

•  •  •  #  • 

k. 


3.  Section  430.24  is  amended  by 
adding  a  paragraph  (i)  to  read  as  fol¬ 
lows: 

§  430.24  Representations  regarding  meas¬ 
ures  of  energy  consumption. 

•  »  •  *  # 

(1)  Kitchen  ranges  and  ovens.  (1) 
Except  as  provided  in  paragraphs  (i) 
(6)  and  (7)  of  this  section,  no  manufac¬ 
turer,  distributor,  retailer,  or  private 
labeler  of  kitchen  ranges  and  ovens 
may  make  any  representation  with  re¬ 
spect  to,  or  based  upon,  a  measure  or 
measures  of  energy  consumption  for 
conventional  ranges,  conventional 
cooking  tops,  conventional  ovens,  mi¬ 
crowave  ovens,  and  microwave/con¬ 
ventional  ranges  described  in 
§  430.22(i)  unless  a  sample  of  sufficient 
size  of  each  basic  model  for  which 
such  representation  is  made  has  been 
tested  in  accordance  with  applicable 
provisions  of  this  subpart,  such  that, 
for  each  such  measure  of  energy  con¬ 
sumption,  there  is  at  least  95  percent 
confidence  that  the  true  mean  of  such 
measures  of  the  basic  model  lies 
within  ±5  percent  of  the  mean  of  such 
measures  of  the  sample. 

(2)  Any  sample  selected  under  this 
paragraph  shall  be  comprised  of  units 
which  are  production  units,  or  are  rep¬ 
resentative  of  production  units,  of  the 
basic  model  being  tested. 

(3)  A  basic  model  of  a  convertible 
cooking  appliance  must  be  tested  with 
natural  gas,  but  may  also  be  tested 
with  propane. 

(4)  Any  basic  model  of  a  convention¬ 
al  range,  conventional  cooking  top  and 
conventional  oven  which  is  designed  to 
operate  using  only  natural  gas  as  the 
gas  energy  source  must  be  tested  with 
natural  gas. 

(5)  Any  basic  model  of  a  convention¬ 
al  range,  conventional  cooking  top  and 
conventional  oven  which  is  designed  to 
operate  using  only  LP-gas  as  the  gas 
energy  source  must  be  tested  with  pro¬ 
pane  gas. 

(6)  With  respect  to  conventional 
ranges  and  microwave/conventional 
ranges,  representations  made  with  re¬ 
spect  to,  or  based  upon,  measures  of 
energy  consumption  described  in 
§  430.22(i)  may  be  derived  from  test  re¬ 
sults  obtained  from  application  of  the 
test  method  of  appendix  I  to  this  sub- 
part  to  basic  models  of  such  conven¬ 
tional  cooking  tops,  conventional 
ovens  and  microwave  ovens  which 
comprise  the  cooking  appliance  to 
which  such  representations  apply. 

(7)  Whenever  a  rule  applicable  to 
kitchen  ranges  and  ovens  is  prescribed 
under  section  324  of  the  Act,  §  430.24 
(i)  shall  not  apply  to  any  label  covered 
by  such  rule,  and  all  representations 
of  any  measure  of  energy  consumption 
covered  by  such  rule  shall  be  identical 
to  the  measure  of  energy  consumption 
specified  on  the  label. 

•  *  •  •  • 


4.  Subpart  B  of  Part  430  is  amended 
to  add  an  appendix  I,  to  read  as  fol¬ 
lows: 

Appendix  I— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Conventional  Ranges,  Conventional 
Cooking  Tops,  Conventional  Ovens,  Mi¬ 
crowave  Ovens  and  Microwave/Conven¬ 
tional  Ranges 

1.  Definitions. 

1.1  "Built-in”  means  the  product  is  sup¬ 
ported  by  surrounding  cabinetry,  w'alls,  or 
other  similar  structures. 

1.2  "Drop-in”  means  the  product  is  sup¬ 
ported  by  horizontal  surface  cabinetry. 

1.3  “Forced  convection”  means  a  mode  of 
conventional  oven  operation  in  which  a  fan 
is  used  to  circulate  the  heated  air  within  the 
oven  compartment  during  cooking. 

1.4  "Freestanding”  means  the  product  is 
not  supported  by  surrounding  cabinetry, 
walls,  or  other  similar  structures. 

1.5  "Normal  nonoperating  temperature” 
means  the  temperature  of  all  areas  of  an  of 
an  appliance  to  be  tested  that  is  within  5  de¬ 
grees  of  the  temperature  that  the  identical 
areas  of  the  same  basic  model  of  the  appli¬ 
ance  would  attain  if  it  remained  in  the  test 
room  for  24  hours  while  not  operating  with 
all  oven  doors  closed  and  with  any  gas  pilot 
lights  on  and  adjusted  in  accordance  with 
manufacturer’s  instructions. 

1.6  "Primary  energy  consumption” 
means  either  the  electrical  energy  consump¬ 
tion  of  a  conventional  electric  oven  or  the 
gas  energy  consumption  of  a  conventional 
gas  oven. 

1.7  "Secondary  energy  consumption” 
means  any  electrical  energy  consumption, 
other  than  clock  energy  consumption,  of  a 
conventional  gas  oven. 

1.8  "Standard  cubic  foot  of  gas”  means 
that  quantity  of  gas  that  occupies  1  cubic 
foot  when  saturated  with  water  vapor  at  a 
temperature  of  60"  F  and  a  pressure  of  30 
inches  of  mercury  (density  of  mercury 
equals  13.595  grams  per  cubic  centimeter). 

1.9  "Thermocouple”  means  a  device  con¬ 
sisting  of  two  dissimilar  metals  which  are 
joined  together  and,  with  their  associated 
wires,  are  used  to  measure  temperature  by 
means  of  electromotive  force. 

2.  Test  conditions. 

2.1  Installation.  A  free  standing  appli- 
cance  shall  be  installed  with  the  back  direct¬ 
ly  against,  or  as  near  as  possible  to,  a  verti¬ 
cal  wall  which  extends  at  least  1  foot  above 
and  on  either  side  of  the  appliance.  There 
shall  be  no  side  walls.  A  drop-in.  built-in  or 
wall-mounted  applicance  shall  be  installed 
in  an  enclosure  in  accordance  with  the  man¬ 
ufacturer’s  instructions.  These  appliances 
are  to  be  completely  assembled  with  all  han¬ 
dles,  knobs,  guards  and  the  like  mounted  in 
place.  Any  electric  resistance  heaters,  gas 
burners,  baking  racks,  and  baffles  shall  be 
in  place  in  accordance  with  the  manufactur¬ 
er’s  instructions;  however,  broiler  pans  are 
to  be  removed  from  the  oven’s  baking  com¬ 
partment. 

Disconnect  any  electrical  clock  which  uses 
energy  continuously.  Do  not  disconnect  or 
modify  the  circuit  to  any  other  electrical  de¬ 
vices  or  features,  except  as  indicated  in 
2.1.3. 

2.1.1  Conventional  electric  ravages,  ovens 
and  cooking  tops  and  microwave/conven¬ 
tional  electric  ranges.  These  products  shall 
be  connected  to  an  electrical  supply  curcuit 
with  voltage  as  specified  in  2.2.1  with  a 
watt-hour  meter  installed  in  the  circuit.  The 
watt-hour  meter  shall  be  as  described  in 
2.9.1. 1. 
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2.1.2  Conventional  gas  ranges,  ovens,  and 
cooking  tops  and  gas  microwave/conven- 
tional  gas  ranges.  These  products  shall  be 
connected  to  a  gas  supply  line  with  a  gas 
meter  Installed  between  the  supply  line  and 
the  appliance  being  tested,  according  to 
manufacturer’s  specifications.  The  gas 
meter  shall  be  as  described  in  2.9.2.  Conven¬ 
tional  gas  ranges,  ovens  and  cooking  tops 
and  microwave/conventional  gas  ranges 
with  electrical  ignition  devices  or  other  elec¬ 
trical  components  shall  be  connected  to  an 
electrical  supply  circuit  of  nameplate  volt¬ 
age  with  a  watt-hour  meter  installed  in  the 
circuit.  The  watt-hour  meter  shall  be  as  de¬ 
scribed  in  2.9. 1.1. 

2.1.3  Microwave  ovens.  Install  the  micro- 
wave  oven  in  accordance  with  the  manufac¬ 
turer’s  instructions  and  connect  to  an  elec¬ 
trical  supply  circuit  with  voltage  as  specified 
in  section  2.2.1.  Disconnect  all  electrical  de¬ 
vices  or  features,  including  clocks,  which 
draw  power  when  the  microwave  oven  is 
turned  off  and  which  are  not  required  for 
the  operation  of  the  oven.  A  watt-hour 
meter  shall  be  installed  in  the  circuit  and 
shall  be  as  described  in  2.9.1. 1. 

2.2  Energy  supply. 

2.2.1  Electrical  supply.  Maintain  the  elec¬ 
trical  supply  to  the  conventional  range,  con¬ 
ventional  cooking  top,  conventional  oven, 
and  microwave/conventional  range  being 
tested  at  240/120  volts  except  that  basic 
models  rated  only  at  208/120  volts  shall  be 
tested  at  that  rating.  Maintain  the  electrical 
supply  to  a  microwave  oven  at  120  volts  and 
at  60  hertz.  In  every  case,  maintain  the  volt¬ 
age  within  2  percent  of  the  voltage  at  which 
the  appliance  is  tested. 

2.2.2  Gas  supply. 

2.2.2.1  Gas  burner  adjustments.  Conven¬ 
tional  gas  ranges,  ovens,  and  cooking  tops 
and  microwave/conventional  gas  ranges 
shall  be  tested  with  all  of  the  gas  burners 
adjusted  in  accordance  with  the  installation 
or  operation  instructions  provided  by  the 
manufacturer.  In  every  case,  the  burner 
must  be  adjusted  with  sufficient  air  flow  to 
prevent  a  yellow  flame  or  a  flame  with 
yellow  tips. 

2.2.2.2  Natural  gas.  For  testing  convert¬ 
ible  cooking  appliances  or  appliances  which 
are  designed  to  operate  using  only  natural 
gas,  maintain  the  natural  gas  pressure  im¬ 
mediately  ahead  of  all  controls  of  the  unit 
under  test  at  7  to  10  inches  of  water  column. 
The  regulator  outlet  pressure  shall  be  ap¬ 
proximately  that  recommended  by  the  man¬ 
ufacturer.  The  natural  gas  supplied  should 
have  a  heating  value  of  approximately  1.025 
Btu’s  per  standard  cubic  foot.  The  actual 
gross  heating  value,  Hn,  in  Btu's  per  stand¬ 
ard  cubic  foot,  for  the  natural  gas  to  be  used 
in  the  test  shall  be  obtained  either  from 
measurements  made  by  the  manufacturer 
conducting  the  test  using  a  standard  con¬ 
tinuous  flow  calorimeter  as  described  in 

2.9.4  or  by  the  use  of  bottled  natural  gas 
whose  gross  heating  value  is  certified  to  be 
at  least  as  accurate  a  value  as  could  be  ob¬ 
tained  from  measurements  taken  with  a 
standard  continuous  flow  calorimeter  as  de¬ 
scribed  in  2.9.4. 

2. 2.2.3  Propane.  For  testing  convertible 
cooking  appliances  with  propane  or  for  test¬ 
ing  appliances  which  are  designed  to  oper¬ 
ate  using  only  LP-gas,  maintain  the  propane 
pressure  immediately  ahead  of  all  controls 
of  the  unit  under  test  at  11  to  13  inches  of 
water  column.  The  regulator  outlet  pressure 
shall  be  approximately  that  recommended 
by  the  manufacturer.  The  propane  supplied 
should  have  a  heating  value  of  approxi¬ 


mately  2,500  Btu’s  per  standard  cubic  foot. 
The  actual  gross  heating  value,  Hp,  In  Btu's 
per  standard  cubic  foot,  for  the  propane  to 
be  used  in  the  test  shall  be  obtained  either 
from  measurements  made  by  the  manufac¬ 
turer  conducting  the  test  using  a  standard 
continuous  flow  calorimeter  as  described  in 

2.9.4  or  by  the  use  of  bottled  propane  whose 
gross  heating  value  is  certified  to  be  at  least 
as  accurate  a  value  as  could  be  obtained 
from  measurements  taken  with  a  standard 
continuous  flow  calorimeter  as  described  in 
2.9.4. 

2.3  Air  circulation.  Maintain  air  circula¬ 
tion  in  the  room  sufficient  to  secure  reason¬ 
ably  uniform  temperature  distribution,  but 
do  not  cause  a  direct  draft  on  the  unit 
under  test. 

2.4  Setting  the  conventional  oven  ther¬ 
mostat 

2.4.1  Conventional  electric  oven.  Install  a 
thermocouple  approximately  in  the  center 
of  the  usable  baking  space.  Provide  a  tem¬ 
perature  indicator  system  for  measuring  the 
oven's  temperature  with  an  accuracy  as  in¬ 
dicated  in  2.9.3.2.  If  the  oven  thermostat 
does  not  cycle  on  and  off,  adjust  or  deter¬ 
mine  the  conventional  electric  oven  thermo¬ 
stat  setting  to  provide  an  average  internal 
temperature  which  is  325  ±5"  F  higher  than 
the  room  ambient  air  temperature.  If  the 
oven  thermostat  operates  by  cycling  on  and 
off,  adjust  or  determine  the  conventional 
electric  oven  thermostat  setting  to  provide 
an  average  internal  temperature  which  is 
325" ±5°  F  higher  than  the  room  ambient  air 
temperature.  This  shall  be  done  by  measur¬ 
ing  the  maximum  and  minimum  tempera¬ 
tures  in  any  three  consecutive  cut-off/cut- 
on  actions  of  the  electric  resistance  heaters, 
excluding  the  initial  cut-off/cut-on  action, 
by  the  thermostat  after  the  temperature 
rise  of  325"±5°  F  has  been  attained  by  the 
conventional  electric  oven.  Remove  the 
thermocouple  after  the  thermostat  has  been 
set. 

2.4.2  Conventional  gas  oven.  Install  five 
parallel-connected  weighted  thermocouples, 
one  located  at  the  center  of  the  convention¬ 
al  gas  oven’s  usable  baking  space  and  the 
other  four  equally  spaced  between  the 
center, and  the  comers  of  the  conventional 
gas  oven  on  the  diagonals  of  a  horizontal 
plane  through  the  center  of  the  convention¬ 
al  gas  oven.  Each  weighted  thermocouple 
shall  be  constructed  of  a  copper  disc  that  is 
1-inch  in  diameter  and  Vi-inch  thick.  The 
two  thermocouple  wires  shall  be  located  in 
two  holes  in  the  disc  spaced  Vi-inch  apart, 
with  each  hole  being  located  Vi-inch  from 
the  center  of  the  disc.  Both  thermocouple 
wires  shall  be  silver-soldered  to  the  copper 
disc.  Provide  a  temperature  indicator  system 
for  measuring  the  oven's  temperature  with 
an  accuracy  as  indicated  in  2.9.3.2.  If  the 
oven  thermostat  does  not  cycle  on  or  off, 
adjust  or  determine  the  conventional  gas 
oven  thermostat  setting  to  provide  an  aver¬ 
age  internal  temperature  which  is  325° ±5°  F 
higher  than  the  room  ambient  air  tempera¬ 
ture.  If  the  oven  thermostat  operates  by  cy¬ 
cling  on  and  off,  adjust  or  determine  the 
conventional  electric  oven  thermostat  set¬ 
ting  to  provide  an  average  internal  tempera¬ 
ture  which  is  325"±5"  F  higher  than  the 
room  ambient  air  temperature.  This  shall  be 
done  by  measuring  the  maximum  and  mini¬ 
mum  temperatures  in  any  three  consecutive 
cut-off/cut-on  actions  of  the  gas  burners, 
excluding  the  initial  cut-off/cut-on  action, 
by  the  thermostat  after  the  temperature 
rise  of  325"  ±5°  F  has  been  attained  by  the 
conventional  gas  oven.  Remove  the  thermo¬ 
couples  after  the  thermostat  has  been  set. 


2.5  Ambient  room  air  temperature. 
During  the  test,  maintain  an  ambient  room 
air  temperature,  T«,  of  77" ±9"  F  as  meas¬ 
ured  at  least  5  feet  and  not  more  than  8  feet 
from  the  nearest  surface  of  the  unit  under 
test  and  approximately  3  feet  above  the 
floor.  The  temperature  shall  be  measured 
with  a  thermometer  or  temperature  indicat¬ 
ing  system  with  an  accuracy  as  indicated  in 
2.9.3.I. 

2.6  Normal  nonoperating  temperature. 
All  areas  of  the  appliance  to  be  tested  shall 
attain  the  normal  nonoperating  tempera¬ 
ture,  as  defined  in  1.5,  before  any  testing 
begins.  The  equipment  for  measuring  the 
applicable  normal  nonoperating  tempera¬ 
ture  shall  be  as  described  in  2.9.3. 1,  2.9.3.2, 
2.9.3. 4,  and  2.9.3.5,  as  applicable. 

2.7  Test  blocks  for  conventional  oven  and 
cooking  top.  The  test  blocks  shall  be  made 
of  aluminum  alloy  No.  6061,  with  a  specific 
heat  of  0.23  Btu’s/lb-°F  and  with  any 
temper  that  will  give  a  coefficient  of  ther¬ 
mal  conductivity  of  0.37  to  0.41  cal/cm-°C- 
sec.  Each  block  shall  have  a  hole  at  its  top. 
The  hole  shall  be  0.08  inch  in  diameter  and 
0.80  inch  deep.  The  manufacturer  conduct¬ 
ing  the  test  may  provide  other  means  which 
will  ensure  that  the  thermocouple  junction 
is  installed  at  this  same  position  and  depth. 

The  bottom  of  each  block  shall  be  flat  to 
within  0.002  inch  TIR  (total  indicator  read¬ 
ing).  Determine  the  actual  weight  of  each 
test  block  with  a  scale  with  an  accuracy  as 
indicated  in  2.9.5. 

2.7.1  Conventional  oven  test  block. 
The  test  block  for  the  conventional 
oven,  W,.  shall  be  6.25±0.05  inch  in  di¬ 
ameter,  approximately  2.8  inches  high 
and  shall  weigh  8.5  ±0.1  lbs.  The  block 
shall  be  finished  with  an  anodic  black 
coating  which  has  a  minimum  thick¬ 
ness  of  0.001  inch  or  with  a  finish 
having  the  equivalent  absorptivity. 

2.7.2  Small  test  block  for  conven¬ 
tional  cooking  top.  The  small  test 
block,  Wj,  shall  be  6.25 ±0.05  inches  in 
diameter,  approximately  2.8  inches 
high  and  shall  weigh  8.5  ±0.1  lbs. 

2.7.3  Large  test  block  for  conven¬ 
tional  cooking  top.  The  large  test 
block  for  the  conventional  cooking 
top,  Wj,  shall  be  9  ±0.05  inches  in  di¬ 
ameter,  approximately  3.0  inches  high 
and  shall  weigh  19±0.1  lbs. 

2.7.4  Thermocouple  installation.  In¬ 
stall  the  thermocouple  such  that  the 
thermocouple  junction  (where  the 
thermocouple  contacts  the  test  block) 
is  at  the  bottom  of  the  hole  provided 
in  the  test  block  and  that  the  thermo¬ 
couple  junction  makes  good  thermal 
contact  with  the  aluminum  block.  If 
the  test  blocks  are  to  be  water  cooled 
between  tests  the  thermocouple  hole 
should  be  sealed,  or  other  steps  taken, 
to  insure  that  the  thermocouple  hole 
is  completely  dry  at  the  start  of  the 
next  test.  Provide  a  temperature  indi¬ 
cator  system  for  measuring  the  test 
block  temperature  with  an  accuracy  as 
indicated  in  2  9.3.3. 

2.7.5  Initial  test  block  temperature. 
Maintain  the  initial  temperature  of 
the  test  blocks,  T„  within  ±4°  F  of  the 
ambient  room  air  temperature  as  spec¬ 
ified  in  2.5.  If  the  test  block  has  been 
cooled  (or  heated)  to  bring  it  to  room 
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temperature,  allow  the  block  to  stabi¬ 
lize  for  at  least  2  minutes  after  remov¬ 
al  from  the  cooling  (or  heating) 
source,  before  measuring  its  initial 
temperature. 

2.8  Test  beakers. 

2.8.1  Test  beaker  description.  The 
five  test  beakers  shall  be  made  of  a 
thin  walled  borosilicate  glass.  Two  of 
the  test  beakers  shall  have  an  inside 
diameter  of  approximately  85  millime¬ 
ters  (mm).  Three  of  the  test  beakers 
shall  have  an  inside  diameter  of  ap¬ 
proximately  110  mm. 

2.8.2  Test  beaker  load.  Fill  one  of 
the  85  mm  diameter  test  beakers  with 
275  milliliters  (ml)±2.75  ml  of  distilled 
water  containing  1  percent  sodium 
chloride  (NaCl)  by  weight.  Fill  one  of 
the  85  mm  diameter  test  beakers  with 
500  ml±5.0  ml  of  distilled  water  con¬ 
taining  1  percent  NaCl  by  weight.  Fill 
each  of  the  110  mm  diameter  test 
beakers  with  1,000  ml  ±10.0  ml  of  dis¬ 
tilled  water  containing  1  percent  NaCl 
by  weight. 

2.8.2. 1  Test  beaker  water  load  tem¬ 
perature.  Maintain  the  initial  tempera¬ 
ture  of  the  test  beaker  water  load 
within  the  range  of  68*  F  to  77°  F.  The 
temperature  shall  be  measured  with  a 
thermometer  or  other  equipment  with 
an  accuracy  as  indicated  in  2.9.3.4. 

2.9  Instrumentation.  Perform  all 
test  measurements  using  the  following 
instruments,  as  appropriate: 

2.9.1  Electrical  Measurements. 

2.9.1.1  Watt-hour  meter.  The  watt- 
hour  meter  for  measuring  the  electri¬ 
cal  energy  consumption  of  convention¬ 
al  ovens  and  cooking  tops  shall  have  a 
resolution  of  at  least  1  watt-hour  and 
a  maximum  error  no  greater  than  1.5 
percent  of  the  measured  value  for  any 
demand  greater  than  100  watts.  The 
watt-hour  meter  for  measuring  the 
energy  consumption  of  microwave 
ovens  shall  have  a  resolution  of  at 
least  0.1  watt-hour  and  a  maximum 
error  no  greater  than  1.5  percent  of 
the  measured  value. 

2.9.1.2  Wattmeter.  The  wattmeter 
shall  have  a  resolution  of  at  least  0.2 
watt  and  a  maximum  error  no  greater 
than  5  percent  of  the  measured  value 
over  the  range  of  0  to  10  watts. 

2.9.2  Gas  Measurements. 

2.9.2.1  Positive  displacement 

meters.  The  gas  meter  to  be  used  for 
measuring  the  gas  consumed  by  the 
gas  burners  of  the  oven  or  cooking  top 
shall  have  a  resolution  of  at  least  0.01 
cubic  foot  and  a  maximum  error  no 
greater  than  1  percent  of  the  meas¬ 
ured  value  for  any  demand  greater 
than  2.2  cubic  feet  per  hour.  If  a  posi¬ 
tive  displacement  gas  meter  is  used  for 
measuring  the  gas  consumed  by  the 
pilot  lights,  it  shall  have  a  resolution 
of  at  least  0.01  cubic  foot  and  have  a 
maximum  error  no  greater  than  2  per¬ 
cent  of  the  measured  value. 

2.9.2.2  Flow  meter.  If  a  gas  flow 
meter  is  used  for  measuring  the  gas 


consumed  by  the  pilot  lights,  it  shall 
be  calibrated  to  have  a  maximum 
error  no  greater  than  1.5  percent  of 
the  measured  value  and  a  resolution  of 
at  least  1  percent  of  the  measured 
value. 

2.9.3  Temperature  measurement  equip¬ 
ment 

2.9.3. 1  Room  temperature  indicating 
system.  The  room  temperature  indicating 
system  shall  have  an  error  no  greater  than 
±1*  F  over  the  range  65*  to  90'  F. 

2. 9. 3. 2  Temperature  indicator  system  for 
measuring  conventional  oven  temperature. 
The  equipment  for  measuring  the  conven¬ 
tional  oven  temperature  shall  have  an  error 
no  greater  than  ±4'  F  over  the  range  of  65* 
to  500*  F. 

2. 9. 3. 3  Temperature  indicator  system  for 
measuring  test  block  temperature.  The 
system  shall  have  an  error  no  greater  than 
2°  F  when  measuring  specific  temperatures 
over  the  range  of  65°  to  330*  F.  It  shall  also 
have  an  error  no  greater  than  2°  F  when 
measuring  any  temperature  difference  up  to 
240*  F  within  the  above  range. 

2. 9.3.4  Microwave  oven  and  test  load 
temperatures.  The  thermometer  or  other 
equipment  used  to  measure  the  microwave 
oven  temperature  and  its  test  load  tempera¬ 
ture  shall  have  an  error  no  greater  than  1* 
F  over  the  range  of  05*  to  140°  F. 

2.9  3.5  Temperature  indicator  system  for 
measuring  surface  temperatures.  The  tem¬ 
peratures  of  an  external  surface  of  an  appli¬ 
ance  shall  be  measured  by  means  of  a  ther¬ 
mocouple  in  firm  contact  with  the  surface. 
The  temperature  indicating  system  shall 
have  an  error  no  greater  than  ±1°  F  over 
the  range  65°  to  90°  F. 

2.9.4  Standard  continuous  flow  calori¬ 
meter.  The  calorimeter  shall  have  an  operat¬ 
ing  range  of  750  to  3,500  Btu’s  per  cubic 
foot.  The  maximum  error  of  the  basic  calor¬ 
imeter  shall  be  no  greater  than  0.2  percent 
of  the  gross  heating  value  of  the  gas  used  in 
the  test.  The  indicator  readout  shall  have  a 
maximum  error  no  greater  than  0.5  percent 
of  the  measured  value  within  the  above  op¬ 
erating  range  and  a  resolution  of  0.2  percent 
or  less  of  the  full  scale  reading  of  the  indica¬ 
tor  instrument. 

2.9.5  Scale.  The  scale  used  for  weighing 
the  test  blocks  shall  have  a  maximum  error 
no  greater  than  one  ounce. 

3.  Test  methods  and  measurements. 

3.1  Test  methods. 

3.1.1  Conventional  oven.  Perform  a  test 
by  establishing  the  testing  conditions  set 
forth  in  2  of  this  appendix,  and  adjust  any 
pilot  lights  of  a  conventional  gas  oven  in  ac¬ 
cordance  with  the  manufacturer's  instruc¬ 
tions  and  turn  off  the  gas  flow  to  the  con¬ 
ventional  cooking  top,  if  so  equipped. 

Before  beginning  the  test,  the  convention¬ 
al  oven  shall  be  at  its  normal  nonoperating 
temperature  as  defined  in  1.5  and  described 
in  2.6.  Set  the  conventional  oven  test  block 
W,  approximately  in  the  center  of  the 
usable  baking  space.  If  there  is  a  selector 
switch  for  selecting  the  mode  of  operation 
of  the  oven,  set  for  normal  baking.  If  an 
oven  permits  baking  by  either  forced  con¬ 
vention  using  a  fan,  or  without  forced  con¬ 
vection,  the  oven  is  to  be  tested  in  each  of 
those  two  modes.  If  the  oven  thermostat 
does  not  cycle  on  and  off,  adjust  or  deter¬ 
mine  the  conventional  electric  oven  thermo¬ 
stat  setting  to  provide  an  average  internal 
temperature  which  is  325°  ±5°  F  higher 
than  the  room  ambient  air  temperature.  If 
the  oven  thermostat  operates  by  cycling  on 


and  off,  adjust  or  determine  the  convention¬ 
al  electric  oven  thermostat  setting  to  pro¬ 
vide  an  average  internal  temperature  which 
is  325°  ±5°  of  higher  than  the  room  ambient 
air  temperature.  If  the  oven  thermostat  op¬ 
erates  by  cycling  on  and  off.  the  oven  shall 
remain  on  for  at  least  one  complete  thermo¬ 
stat  “cut-off/cut-on”  of  the  electrical  resis¬ 
tance  heaters  or  gas  burners  after  the  test 
block  temperature  has  increased  234°  F 
above  its  initial  temperature. 

3.1.1. 1  Self-cleaning  operation  of  a  con¬ 
ventional  oven.  Perform  a  test  by  establish¬ 
ing  the  test  conditions  set  forth  in  2  of  this 
appendix.  Adjust  any  pilot  lights  of  a  con¬ 
ventional  gas  oven  in  accordance  with  the 
manufacturer’s  instructions  and  turn  off 
the  gas  flow  to  the  conventional  cooking 
top.  The  temperature  of  the  conventional 
oven  shall  be  its  normal  nonoperating  tem¬ 
perature  as  defined  in  1.5  and  described  in 
2.6.  Then  set  the  conventional  oven’s  self¬ 
cleaning  process  in  accordance  with  the 
manufacturer’s  instructions.  If  the  self¬ 
cleaning  process  is  adjustable,  use  the  aver¬ 
age  time  recommended  by  the  manufacturer 
for  a  moderately  soiled  oven. 

3.1. 1.2  Continuously  burning  pilot  lights 
of  a  conventional  gas  oven.  Perform  a  test 
by  establishing  the  test  conditions  set  forth 
in  2  of  this  appendix.  Adjust  any  pilot  lights 
of  a  conventional  gas  oven  in  accordance 
with  the  manufacturer’s  instructions  and 
turn  off  the  gas  flow  to  the  conventional 
cooking  top.  If  a  positive  displacement  gas 
meter  is  used  the  test  duration  shall  be  suf¬ 
ficient  to  measure  a  gas  consumption  which 
is  at  least  200  times  the  resolution  of  the 
gas  meter. 

3.1.2  Conventional  cooking  top.  Perform 
a  test  by  establishing  the  test  conditions  set 
forth  in  2  of  this  Appendix.  Adjust  any  pilot 
lights  of  a  conventional  gas  cooking  top  in 
accordance  with  the  manufacturer’s  instruc¬ 
tions  and  turn  off  the  gas  flow  to  the  con¬ 
ventional  oven(s),  if  so  equipped.  The  tem¬ 
perature  of  the  conventional  cooking  top 
shall  be  its  normal  nonoperating  tempera¬ 
ture  as  defined  in  1.5  and  described  in  2.6. 
Set  the  test  block  in  the  center  of  the  sur¬ 
face  unit  under  test.  The  small  test  block, 
W,,  shall  be  used  on  electric  surface  units  of 
7  inches  or  less  in  diameter.  The  large  test 
block,  W„  shall  be  used  on  electric  surface 
units  over  7  inches  in  diameter  and  on  all 
gas  surface  units.  Turn  on  the  surface  unit 
under  test  and  set  its  energy  input  rate  to 
the  maximum  setting  (100  percent).  When 
the  test  block  reaches  144°F  above  its  initial 
test  block  temperature,  immediately  reduce 
the  energv  input  rate  to  25±5  percent  of 
the  maximum  energy  input  rate.  After 
15 ±0.1  minutes  at  the  reduced  energy  set¬ 
ting,  turn  off  the  surface  unit  under  test. 

3. 1.2.1  Continuously  burning  pilot  lights 
of  a  coti  I'enttonal  gas  cooking  top.  Perform 
a  test  by  establishing  the  test  conditions  set 
forth  in  2  of  this  Appendix.  Adjust  any  pilot 
lights  of  a  conventional  gas  cooking  top  in 
accordance  with  the  manufacturer’s  instruc¬ 
tions  and  turn  off  the  gas  flow  to  the  con¬ 
ventional  oven(s).  If  a  positive  displacement 
gas  meter  is  used  the  test  duration  shall  be 
sufficient  to  measure  a  gas  consumption 
which  is  at  least  200  times  the  resolution  of 
the  gas  meter. 

3.1.3  Microwave  oven.  Perform  the  tests 
by  establishing  the  testing  conditions  set 
forth  in  2  of  this  Appendix.  Four  tests  are 
to  be  conducted  with  the  water  test  loads  in 
the  following  sequence:  2,000  ml,  1,000  ml, 
500  ml  and  275  ml.  For  each  test,  place  the 
appropriate  test  beaker(s)  containing  the 
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water  load  specified  in  2.8.2  in  approximate¬ 
ly  the  center  of  the  load  carrying  surface  of 
the  oven,  and  operate  the  microwave  oven 
at  its  maximum  microwave  power  setting 
until  the  temperature  of  the  water  load  has 
been  raised  45±9*  F.  Allow  one  minute  for' 
changing  the  test  load  beakers  between 
each  of  the  tests. 

For  the  2,000  ml  test,  set  the  two  test 
beakers,  each  containing  1,000  ml  of  the 
specified  water  load,  side  by  side,  in  the  ap¬ 
proximate  center  of  the  oven. 

3.2  Test  measurements. 

3.2.1  Conventional  oven  test  energy  con¬ 
sumption .  If  the  oven  thermostat  is  a  type 
which  controls  the  oven  temperature  with¬ 
out  cycling  on  and  off,  measure  the  energy 
consumed,  E„  when  the  temperature  of  the 
block  reaches  T„  (T.  is  234*  F  above  the  ini¬ 
tial  block  temperature,  T|).  If  the  oven  ther¬ 
mostat  operates  by  cycling  on  and  off,  make 
the  following  series  of  measurements:  Meas¬ 
ure  the  block  temperature,  TA,  and  the 
energy  consumed,  EA,  at  the  end  of  the  last 
“ON”  period  of  the  conventional  oven 
before  the  block  reaches  T..  Measure  the 
block  temperature,  T*.  and  the  energy  con¬ 
sumed,  Eb.  at  the  beginning  of  the  next 
“ON"  period.  Measure  the  block  tempera¬ 
ture,  Tc.  and  the  energy  consumed,  Ec.  at 
the  end  of  that  "ON"  period.  Measure  the 
block  temperature,  T„,  and  the  energy  con¬ 
sumed,  Ed,  at  the  beginning  of  the  following 
“ON"  period.  Energy  measurements  for  EA, 
Eg,  Ec  and  E0  should  be  expressed  in  watt- 
hours  for  conventional  electric  ovens  or 
standard  cubic  feet  of  gas  for  conventional 
gas  ovens.  For  a  gas  oven  measure  in  watt- 
hours  any  electrical  energy,  EI0,  consumed 
by  an  ignition  device  or  other  electrical  com¬ 
ponents  required  for  the  operation  of  a  con¬ 
ventional  gas  oven  while  heating  the  test 
block  to  T0. 

3.2.1.1  Energy  consumption  of  self-clean¬ 
ing  operation.  Measure  the  self-cleaning 
conventional  electric  or  gas  oven  energy 
consumption,  Et,  specified  as  the  number  of 
watt-hours  of  electrical  energy  or  standard 
cubic  feet  of  gas,  respectively,  consumed 
during  the  self -cleaning  test  set  forth  in 
3.1. 1.1.  For  a  gas  oven  also  measure  in  watt- 
hours  any  electrical  energy,  Eu,  consumed 
by  an  ignition  device  or  other  electrical  com¬ 
ponents  required  during  the  self-cleaning 
test. 

3.2.1.2  Gas  consumption  of  continuously 
burning  pilot  lights.  Measure  the  gas  con¬ 
sumption  of  the  pilot  lights,  Pol  in  standard 
cubic  feet  of  gas  and  the  test  duration,  L0, 
in  hours  for  the  test  set  forth  in  3.1. 1.2.  If  a 
gas  flow  meter  is  used,  measure  the  flow 
rate,  PB,  in  standard  cubic  feet  per  hour. 

3. 2.1. 3  Clock  power.  If  the  conventional 
oven,  conventional  range,  or  microwave/ 
conventional  range  includes  an  electric 
clock  which  is  on  continuously,  and  the 
power  rating  in  watts  of  this  feature  is  not 
know,  measure  the  clock  power,  PCl.  in 
watts. 

3.2.2  Conventional  surface  unit  test 
energy  consumption.  For  the  surface  unit 
under  test,  measure  the  energy  consump¬ 
tion,  Ecr.  in  standard  cubic  feet  of  gas  or 
watt-hours  of  electricity,  respectively,  and 
the  test  block  temperature,  Ter,  at  the  end 
of  the  15  minute  (reduced  input  setting)  test 
interval  for  the  test  specified  in  3.1.2  and 
the  total  time,  Tt,  in  hours,  that  the  unit  is 
under  test.  Measure  any  electrical  energy. 


Eio  consumed  by  an  ignition  device  of  a  gas 
heating  element  in  watt-hours. 

3.2.2. 1  Gas  consumption  of  continuously 
burning  pilot  lights.  If  the  conventional  gas 
cooking  top  under  test  has  one  or  more  con¬ 
tinuously  burning  pilot  lights,  measure  the 
gas  consumed  during  the  test  by  the  pilot 
lights,  Pc,  in  standard  cubic  feet  of  gas,  and 
the  test  duration,  I*,  in  hours  as  specified  in 
3. 1.2.1.  If  a  gas  flow  meter  is  used,  measure 
the  flow  rate,  P,  in  standard  cubic  feet  per 
hour. 

3.2.3  Microwave  oven  test  energy  con¬ 
sumption.  Measure  the  initial,  T|,  and  final, 
Tr,  temperatures,  in  degrees  Fahrenheit 
CF),  of  the  water  test  load  for  the  2,000  ml, 
1,000  ml,  500  ml  and  275  ml  tests.  The  final 
temperature,  Tr,  shall  be  measured  after  the 
test  load  has  been  stirred  to  insure  uniform 
temperature  distribution.  Measure  the 
elapsed  time,  t,  in  seconds,  until  the  tem¬ 
perature  rise  of  the  water  load  is  45±9*  F. 

Measure  for  each  test  specified  in  3.1.3  the 
electlcal  input  energy,  Em,  in  watt-hours 
consumed  by  the  microwave  oven  during  the 
elapsed  time,  t. 

3.3  Recorded  values. 

3.3.1  Record  the  test  room  temperature, 
Tr,  at  the  start  and  end  of  each  test. 

3.3.2  Record  measured  test  block  weights 
Wi,  W«,  and  W,  in  pounds. 

3.3.3  Record  the  initial  temperature,  T,. 
of  the  test  block  under  test. 

3.3.4  For  a  conventional  oven  with  a 
thermostat  which  operates  by  cycling  on 
and  off,  record  the  conventional  oven  test 
measurements  TA,  EA,  Ts,  Er,  Tc,  Ec,  Td,  and 
Ed.  If  the  thermostat  controls  the  oven  tem¬ 
perature  without  cycling  on  and  off,  record 
E0.  For  a  gas  oven  which  also  uses  electrical 
energy  for  the  ignition  or  operation  of  the 
oven,  also  record  E,0. 

3.3.5  Record  the  measured  energy  con¬ 
sumption.  Es,  and  for  a  gas  oven,  any  electri¬ 
cal  energy,  Eu,  for  the  test  of  the  self -clean¬ 
ing  operation  of  a  conventional  oven. 

3.3.0  Record  the  gas  flow  rate,  P„;  or  the 
gas  consumption,  P„,  and  the  elapsed  time, 
L»,  that  any  continuously  burning  pilot 
lights  of  a  conventional  oven  are  under  test. 

3.3.7  Record  the  clock  power  measure¬ 
ment  or  rating,  Po.,  in  watts. 

3.3.8  For  the  surface  unit  under  test, 
record  the  energy  consumption,  Ed,  the 
final  test  block  temperature,  Tct.  the  total 
test  time,  Tt.  For  a  gas  cooking  top  which 
uses  electrical  energy  for  ignition  of  the 
burners,  also  record  E,c. 

3.3.9  Record  the  gas  flow  rate,  P;  or  the 
gas  consumption,  Pc,  and  the  elapsed  time, 
Le,  that  any  continuously  burning  pilot 
lights  of  a  conventional  cooking  top  are 
under  test. 

3.3.10  Record  the  heating  value,  H„,  as 
determined  in  2.2.2.2  for  the  natural  gas 
supply. 

3.3.11  Record  the  heating  value,  H„,  as 
determined  in  2.2.2.3  for  the  propane 
supply. 

3.3.12  Record  the  electrical  input  energy, 
E„,  the  elapsed  time,  t,  and  initial.  Ti,  and 
final.  Tr,  temperature  of  the  water  load  for 
each  microwave  oven  test. 

4.  Calculation  of  derived  results  from  test 
measurements. 

4.1  Conventional  oven. 

4.1.1  Test  energy  consumption.  For  a  con¬ 
ventional  oven  with  a  thermostat  which  op¬ 
erates  by  cycling  on  and  off  calculate  the 
test  energy  consumption,  Eo,  corresponding 
to  T0  with  the  aid  of  the  figure  in  5  of  this 
Appendix,  expressed  in  watt-hours  for  elec¬ 


tric  ovens  and  in  Btu’s  for  gas  ovens,  and  de¬ 
fined  as: 


for  electric  ovens, 

and. 


for  gas  ovens 


where: 

H= either  Hn  or  Hp,  the  heating  value  of 
the  gas  used  in  the  test  as  specified  in 

2.2.2.2  and  2.2.2.3,  expressed  in  Btu’s  per 
standard  cubic  foot. 


AB 


234°F  plus  the  initial 
test  block  temperature 


2 


T  =  T  +  T 
CD  C  lD 


eab  -  ea  *  EB 


E__  *  E  +  E  , 
CD  C  D 


where: 

TA= block  temperature  at  the  end  of  the 
last  “ON”  period  of  the  conventional 
oven  before  the  test  block  reaches  To. 

Ea= volume  of  gas  consumed  in  standard 
cubic  feet  at  the  end  of  the  last  “ON” 
period  before  the  test  block  reaches  T0. 

TB= block  temperature  at  the  beginning  of 
the  “ON"  period  following  the  measure¬ 
ment  of  Ta. 

Eg = volume  of  gas  consumed  in  standard 
cubic  feet  of  gas  at  the  beginning  of  the 
“ON”  period  following  the  measurement 
Ta. 

Tc= block  temperature  at  the  end  of  the 
“ON”  period  which  starts  with  TB. 

Ec= volume  of  gas  consumed  in  standard 
cubic  feet  of  gas  at  the  end  of  the  “ON” 
period  which  starts  with  TB. 

TD = block  temperature  at  the  beginning  of 
the  “ON”  period  which  follows  the  mea¬ 
surement  of  Tc. 

Ed = volume  of  gas  consumed  in  standard 
cubic  feet  of  gas  at  the  beginning  of  the 
“ON”  period  which  follows  the  measure¬ 
ment  of  Tc. 

4. 1.1.1  Average  test  energy  consumption. 
If  the  conventional  oven  can  be  operated 
with  or  without  forced  convection,  deter- 
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mine  the  average  test  energy  consumption, 
Eo  and  Ek»  using  the  following  equations: 


E0  =  <Eo>l  *  (E0>2 

2 

El°  *  (EI0*1  *  (EI0}2  • 

2  ■ 


where: 

(Eo)i,  (E.).=Test  energy  consumption  in 
each  baking  mode  as  measured  in  3.2.1 
or  as  calculated  in  4.1.1. 

(E*,),.  (Ek))i= electrical  energy  consump¬ 
tion  of  a  gas  oven  in  each  baking  mode 
as  measured  in  3.2.1. 

4.1.2  Conventional  oven  annual  energy 
consumption. 

4.1.2.1.  Annual  cooking  energy  consump¬ 
tion. 

4.1.2.1. L  Annual  primary  energy  con¬ 
sumption.  Calculate  the  annual  primary 
energy  consumption  for  cooking,  Eco.  ex¬ 
pressed  in  kilowatt-hours  for  electric  ovens 
and  in  Btu’s  for  gas  ovens,  and  defined  as: 


t 

CO 


E  x  H 


X  0 

_ o 

x  T 


for  electric  ovens. 


where: 

Eo=test  energy  consumption  as  calculated 
in  4.1.1  of  4.1.1.L 

He=3.412  Btu’s/Wh,  conversion  factor  of 
watt-hours  to  Btu’s. 

Oo=47.09  kWh’s,  annual  useful  cooking 
energy  output  of  conventional  electric 
oven. 

W,= measured  weight  of  test  block  in 
pounds. 

Cr=0.23  Btu/lb-*F,  specific  heat  of  test 
block, 
or, 

T=234'F,  temperature  rise  of  test  block. 


*  E  x  0  for  gas  ovens, 

C  -  o _ o _  * 


where: 

Eo^test  energy  consumption  as  measured 
in  3.2.1.  or  as  calculated  in  4.1.1  or 

4.1. 1.1. 

00= 160,700  Btu’s,  annual  useful  cooking 
energy  output  of  conventional  gas  oven. 

W.Cp  and  T  are  the  same  as  defined  above. 

4.1.2.1.2  Annual  secondary  energy  con¬ 
sumption  for  cooking  of  gas  ovens.  Calcu¬ 
late  the  annual  secondary  energy  consump¬ 
tion  for  cooking,  E*o.  expressed  in  kilowatt- 
hours  and  defined  as: 


E  *  E 
SO  10 


H  x  0 
E  o 


x  C  x  T 
P 


where: 

E„= electrical  test  energy  ac¬ 

cording  to  3.2.1  or  as  calculated  in 

4.1. 1.1. 

Oo= 47.09  kWh’s,  annual  useful  cooking 
energy  output. 


Hb.Wi.Ck  and  T  are  as  defined  in  4.I.2.I.I. 

4. 1.2. 2  Annual  energy  consumption  of 
any  continuously  burning  pilot  lights.  Cal¬ 
culate  the  annual  energy  consumption  of 
any  continuously  burning  pilot  lights,  Epo. 
expressed  in  Btu’s  and  defined  as: 

E^P,  x  H  x  (A-B), 

where: 


= pilot  flow  rate  in  standard  cubic  feet  per 
hour  where  P0  and  Lo  are  defined  below. 

P0= Standard  cubic  feet  of  gas  consumed 
by  any  continuously  burning  pilot  lights 
as  determined  in  3.2.I.2. 

H=Hb  or  Hp.the  heating  value  of  the  gas 
used  in  the  test  as  specified  in  2.2.2.2 
and  2.2.2.3  in  Btu’s  per  standard  cubic 
foot. 

Lo= elapsed  test  time  in  hours  for  any  con¬ 
tinuously  burning  pilot  lights  tested. 

A=8,760,  number  of  hours  in  a  year. 

B=300,  number  of  hours  any  continuously 
burning  pilot  lights  contribute  to  the 
heating  of  an  oven  for  cooking  food. 

4. 1.2.3  Annual  conventional  oven  self- 
cleaning  energy. 

4.1. 2.3.1  Annual  primary  energy  con¬ 
sumption.  Calculate  the  annual  primary 
energy  consumption  for  conventional  oven 
self-cleaning  operations.  Esc.  expressed  in 
kilowatt-hours  for  electric  ovens  and  in 
Btu’s  for  gas  ovens,  and  defined  as: 

E*;=E,  x  S,  x  C,  for  electric  ovens, 
where: 

El* = energy  consumption  in  watt-hours  as 
measured  in  3.2.I.I. 

S.-11.  average  number  of  times  a  self¬ 
cleaning  operation  of  a  conventional 
electric  oven  is  used  per  year. 

C=.001  kW/W  conversion  factor  of  watts 
to  kilowatts, 
or 

Esc=Es  X  H  x  S„  for  gas  ovens, 
where: 

Es = gas  consumption  in  standard  cubic 
feet  per  oven  tested  according  to  3.2.1. 1. 

H=H„  or  H„.  the  heating  value  of  the  gas 
used  in  the  test  as  specified  in  2.2.2.2 
and  2.2.2.3  in  Btu’s  per  standard  cubic 
foot. 

5, =7,  average  number  of  times  a  self¬ 
cleaning  operation  of  a  conventional  gas 
oven  is  used  per  year. 

4.1. 2.3. 2  Annual  secondary  energy  con¬ 
sumption  for  self-cleaning  operation  of  gas 
ovens.  Calculate  the  annual  secondary 
energy  consumption  for  self-cleaning  oper¬ 
ations  of  a  gas  oven,  E^.  expressed  in  kilo¬ 
watt-hours  and  defined  as: 

Eaa  =  EttxS,xC, 

where: 

EB= electrical  energy  consumed  during 
the  self-cleaning  operation  of  a  conven¬ 
tional  gas  oven,  as  measured  in  3.2. 1.1. 

6,  and  C  are  the  same  as  defined  in 

4.1. 2.3.1. 

4.1.2.4  Annual  clock  energy  consumption. 
Calculate  the  annual  energy  consumption  of 
any  constantly  operating  electric  clock.  Ecu 
expressed  in  kilowatt-hours  and  defined  as: 

Ea=Pa.xHi, 

where: 


Pet  =  power  rating,  in  watts,  of  clock  which 
is  on  continuously. 

Kt=8.76,  thousands  of  hours  in  a  year. 

4. 1.2.5  Total  annual  energy  consumption 
of  a  single  conventional  oven. 

4.1. 2.5.1  Electric  oven  energy  consump¬ 
tion.  Calculate  the  total  annual  energy  con¬ 
sumption  of  a  conventional  electric  oven, 
Eao,  expressed  in  kilowatt-hours  and  defined 
as: 


E*o = Eco  +  E*c  +  Ecu 


where: 

Eco = annual  cooking  energy  consumption 
as  determined  in  4.I.2.I.I. 

E,c = annual  self -cleaning  energy  consump¬ 
tion  as  determined  in  4.I.2.3.I. 

Ed= annual  clock  energy  consumption  as 
determined  in  4.I.2.4. 

4.1.2.5.2  Conventional  gas  oven  energy 
consumption.  Calculate  the  total  annual  gas 
energy  consumption  of  a  conventional  gas 
oven,  Eaog.  expressed  In  Btu’s  and  defined 

as: 


Eaoc = Eco  +  Ero + Egc, 


where: 

Eco = annual  primary  cooking  energy  con¬ 
sumption  as  determined  in  4.I.2.I.I. 

Ero= annual  pilot  energy  consumption  as 
determined  in  4.I.2.2. 

Esc = annual  primary  self-cleaning  energy 
consumption  as  determined  in  4.I.2.3.I. 

If  the  conventional  gas  oven  uses  electri¬ 
cal  energy,  calculate  the  total  annual  elec¬ 
trical  energy  consumption,  Eaoc,  expressed 
in  kilowatt-hours,  and  defined  as: 


Eaoc  =  Ego  +  Egg  +  Ecl, 


where: 

Ego = annual  secondary  cooking  energy 
consumption  as  determined  in  4.I.2.I.2. 

Esg= annual  secondary  self-cleaning 
energy  consumption  as  determined  in 
41.2.3.2. 

Ecl = annual  clock  energy  consumption  as 
determined  In  4.1. 2.4. 

The  total  annual  energy  consumption  of  a 
conventional  gas  oven,  Eao.  is  comprised  of 
Eaoc.  expressed  in  Btu’s  and  Eaoc.  expressed 
in  kilowatt-hours,  as  computed  above. 

4. 1.2.6.  Total  annual  energy  consumption 
of  multiple  conventional  ovens.  If  the  cook¬ 
ing  appliance  includes  more  than  one  con¬ 
ventional  oven  calculate  the  total  annual 
energy  consumption  of  the  conventional 
ovens  using  the  following  equations: 

4.1. 2.6.1  Conventional  electric  ovens 
energy  consumption.  Calculate  the  total 
annual  energy  consumption,  Ero,  in  kilo¬ 
watt-hours  and  defined  as: 


Eto  =  Eaco  +  Ea«c  +  Ecl. 


where: 


n 

eAC0  “  i  £  (Eco^ i ' 
n  i*l 


FEDERAL  REGISTER,  VOL  43,  NO.  91— WEDNESDAY,  MAY  10,  1978 


RULES  AND  REGULATIONS 


20125 


average  annual  primary  energy  consump¬ 
tion  for  cooking,  where: 
n= number  of  conventional  ovens  in  the 
basic  model. 

Eco= annual  primary  energy  consumption 
for  cooking  as  determined  in  4.1.2.1.L 


average  annual  self-cleaning  energy  con¬ 
sumption,  where: 

n= number  of  self -cleaning  conventional 
ovens  in  the  basic  model. 

Esc = self -cleaning  energy  consumption  as 
determined  according  to  4.I.2.3.I. 

Ecl= clock  energy  consumption  as  deter¬ 
mined  according  to  4.I.2.4. 

4.1. 2.6.2  Conventional  gas  ovens  energy 
consumption.  Calculate  the  total  annual  gas 
energy  consumption.  Eroo.  in  Btu’s  and 
define  as: 


Eroo  =  E  aco + Easc  +  En>o, 

where: 

E aco = average  annual  primary  energy  con¬ 
sumption  in  Btu’s  as  defined  in  4.1. 2.6.1. 
Eajc = average  annual  self -cleaning  energy 
consumption  in  Btu's  as  defined  in 

4.1. 2.6.1. 


^TPO  *  **  (EpC))j.f 
i*l 

total  annual  energy  consumption  of  any 
pilot  lights,  where: 

Ero— annual  energy  consumption  of  any 
continuously  burning  pilot  lights  deter¬ 
mined  according  to  4.I.2.2. 

n= number  of  pilot  lights  in  the  basic 
model. 

If  the  ovens  also  use  electrical  energy  cal¬ 
culate  the  total  annual  electrical  energy 
consumption,  in  kilowatt-hours  and  de¬ 
fined  as: 


Eror=  Ea*o  +  E*m  +  Ecu. 

where: 

n 

eASO  *  (EsO)  i' 

n  i*l 

average  annual  secondary  energy  consump¬ 
tion  for  cooking,  where: 
n= number  of  conventional  ovens  in  the 
basic  model. 

Ego = annual  secondary  energy  consump¬ 
tion  for  cooking  as  determined  in 
4.1.21. 2. 


EASS  =  i  £  <ESS>i' 
n  i*l  A 

average  annual  secondary  self -cleaning 
energy  consumption,  where: 
n= number  of  self -cleaning  ovens  in  the 

basic  model. 

Egg -annual  secondary  self-cleaning 
energy  consumption  as  determined  in 

4.1. 2.3. 2. 

Ecu = annual  clock  energy  consumption  as 
determined  in  4.I.2.4. 

The  total  annual  energy  consumption  of 
multiple  gas  ovens,  Ero.  is  comprised  of  Eroc 
expressed  in  Btu’s,  and  Etoe  expressed  in 
kilowatt-hours,  as  computed  above. 

4.1.3  Conventional  oven  cooking  efficien¬ 
cy. 

4. 1.3.1  Single  conventional  oven.  Calcu¬ 
late  the  conventional  oven  cooking  efficien¬ 
cy,  Effgo.  using  the  following  equations: 


For  electric  ovens: 

EffAO  *  W1  x  Cp  x  T  , 

Eo  x  eE 

For  gas  ovens: 

Ef f ao  =  W1  x  Cp  X  T 

E0  +  <EI0  x  hE) 


where: 

W,= measured  weight  of  test  block  in 
pounds. 

CP=0.23  Btu/lb-"  F,  specific  heat  of  test 
block. 

T=234°  F,  temperature  rise  of  test  block. 

Eo=test  energy  consumption  as  measured 
in  3.2.1  or  calculated  in  4.1.1  or  4.1. 1.1. 

Hk=3.412  Btu’s/Wh,  conversion  factor  for 
watt-hours  to  Btu’s. 

E.o= electrical  test  energy  consumption  ac¬ 
cording  to  3.2.1  or  as  calculated  in 
4. 1.1.1. 

4.1.3.2  Multiple  conventional  ovens.  If 
the  cooking  appliance  includes  more  than 
one  conventional  oven,  calculate  the  cook¬ 
ing  efficiency  for  all  of  the  conventional 
ovens  in  the  appliance,  Eff-ro.  using  the  fol¬ 
lowing  equation: 


n 

E 

i=l 

where: 

n= number  of  conventional  ovens  in  the 
cooking  appliance. 

EffA0= cooking  efficiency  of  each  oven  de¬ 
termined  according  to  4.I.3.I. 

4.1.4  Conventional  oven  energy  factor. 

4.1.4.1  Single  conventional  oven.  Calcu¬ 
late  the  energy  factor,  or  the  ratio  of  useful 
cooking  energy  output  to  the  total  energy 
input,  R0,  using  the  following  equations: 

For  electric  ovens, 


n 


where: 

O„=47.09  kWh’s  per  year,  annual  useful 
cooking  energy  output. 

EA0= total  annual  energy  consumption  as 
determined  in  4.1. 2.5.1. 

For  gas  ovens, 


R  = 


0 


0 

o 


eaog  + 


(E  x  H  ) 
AOE  e 


where: 

0„=  160,700  Btu’s  per  year,  annual  useful 
cooking  energy  output. 

Eaoc = total  annual  gas  energy  consump¬ 
tion  as  determined  in  4.I.2.5.2. 

EA0*= total  annual  electrical  energy  con¬ 
sumption  as  determined  in  4.I.2.5.2. 

H,=3,412  Btu’s/kWh,  conversion  factor 
for  kilowatt-hours  to  Btu’s. 

4. 1.4.2  Multiple  conventional  ovens.  If 
the  cooking  appliance  includes  more  than 
one  conventional  oven,  calculate  the  energy 
factor  for  all  of  the  ovens,  RTO.  using  the  fol¬ 
lowing  equations: 

For  electric  ovens. 


where: 

O.=47.09  kWh’s  per  year,  annual  useful 
cooking  energy  output. 

Ero = total  energy  consumption  as  deter¬ 
mined  according  to  4.I.2.6. 

For  gas  ovens. 


TO 


'TOG  +  *ETOE  x  He} 


where: 

Oc= 160,700  Btu’s  per  year,  annual  useful 
cooking  energy  output. 

Eroc  and  Etoe  are  determined  according  to 

4.1. 2.6.2. 

H.=3,412  Btu’s/kWh,  conversion  factor 
for  kilowatt-hours  to  Btu’s. 

4.2  Conventional  cooking  top 

4.2.1  Conventional  cooking  top  cooking 
efficiency 

4.2.1. 1  Electric  surface  unit  cooking  effi¬ 
ciency.  Calculate  the  cooking  efficiency, 
Effgu,  of  the  electric  surface  unit  under  test, 
and  defined  as: 


where: 

W= measured  weight  of  test  block,  W,  or 
Wt,  expressed  in  pounds. 

Cr=0.23  Btu’s/lb-*  F,  specific  heat  of  test 
block. 

T„= temperature  rise  of  the  test  block: 
final  test  block  temperature.  Ter.  as  de¬ 
termined  in  3.2.2,  minus  the  initial  test 
block  temperature,  T„  expressed  in  *  F. 

He=3.412  Btu’s/Wh.  conversion  factor  of 
watt-hours  to  Btu’s. 

Ecr=measured  energy  consumption,  as  de¬ 
termined  according  to  3.2.2,  expressed  in 
watt-hours. 

4.2.1. 2  Gas  surface  unit  cooking  efficien¬ 
cy.  Calculate  the  cooking  efficiency,  Effsu, 
of  the  gas  surface  unit  under  test,  and  de¬ 
fined  as: 

Eff_„  =  W  x  C  x  T  , 

3  P  su 

E 


where: 

Wi*=  measured  weight  of  test  block  accord¬ 
ing  to  3.3.2,  expressed  in  pounds. 

C,  and  T„  are  the  same  as  defined  in 
4. 2.1.1. 

E-flE  -  E  )  x  H 1  ♦  (E  x  H  ) , 

[.  CT  CP  J  IC  E 

where: 

Ecr= total  gas  consumption  for  the  gas 
surface  unit  test  as  defined  in  3.2.2. 

E(C= electrical  energy  consumed  by  an  ig¬ 
nition  device  of  a  gas  surface  unit  as  de-  ' 
fined  in  3.2.2. 

Hi; 3.4 12  Btu’s/Wh,  conversion  factor  of 
watt-hours  to  Btu’s. 

H= either  H„  or  H„,  the  heating  value  of 
the  gas  used  in  the  test  as  specified  in 

2.2. 2.2  and  2.2.2.3,  expressed  in  Btu’s  per 
standard  cubic  foot  of  gas. 

Ecp=P  x  T,  (pilot  consumption,  in  stand¬ 
ard  cubic  feet,  during  unit  test)  where 


P  *  pc  ,  (pilot  flow  in  standard 

L~  cubic  feet  per  hour) 

c 
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where: 

Pc=any  pilot  lights  gas  consumption  de¬ 
fined  in  3. 2.2.1. 

1*= elapsed  time  of  the  cooking  top  pilot 
lights  test  as  defined  in  3.I.2.I. 

Tt=the  elapsed  test  time  as  defined  in 

3.2.2. 

4.2.1.3  Conventional  cooking  top  cooking 
efficiency.  Calculate  the  conventional  cook¬ 
ing  top  cooking  efficiency,  EffcT.  using  the 
following  equation: 

n 

Effcr  *  1  2 

n  i=l 

where: 

n= number  of  surface  units  in  the  cooking 
top. 

Effm,=the  efficiency  of  each  of  the  sur¬ 
face  units,  as  determined  according  to 

4.2.1. 1  or  4.2.I.2. 

4.2.2  Conventional  cooking  top  annual 
energy  consumption. 

4.2. 2.1  Conventional  electric  cooking  top 
energy  consumption.  Calculate  the  annual 
energy  consumption  of  an  electric  cooking 
top,  Eca,  in  kilowatt-hours  per  year  and  de¬ 
fined  as: 

Eca  =  °ct  > 

EffcT 

where: 

Oct= 277.7  kWh  per  year,  annual  useful 
cooking  energy  output. 

Effcr = conventional  cooking  top  cooking 
efficiency  as  defined  in  4.2. 1.3. 

4.2.2.2  Conventional  gas  cooking  top 

4. 2.2.2. 1  Annual  cooking  energy  con¬ 
sumption.  Calculate  the  annual  energy  con¬ 
sumption  for  cooking,  Ecc.  in  Btu’s  per  year 
for  a  gas  cooking  top  and  defined  as: 

E  *  0  , 

CC  CT 

eH - 

CT 


where: 

Oct= 947,500  Btu’s,  annual  useful  cooking 
energy  output. 


EffcT = the  gas  cooking  top  efficiency  as  de¬ 
fined  in  4.2. 1.3. 

4.2.2. 2.2  Annual  energy  consumption  of 
any  continuously  burning  gas  pilots.  Calcu¬ 
late  the  annual  energy  consumption  of  any 
continuously  burning  gas  pilot  lights  of  the 
cooking  top,  Ep„  in  Btu’s  per  year  and  de¬ 
fined  as: 

Epc=PxAxH, 

where: 

P=pilot  light  flow  rate  as  defined  in 

4.2.1.2,  or  as  measured  in  3.2.2.I. 

A =8,760  hours,  the  total  number  of  hours 
in  a  year. 

H= either  H„  or  Hp,  the  heating  value  of 
the  gas  used  in  the  test  as  specified  in 

2.2.2.2.  and  2.2.2.3,  expressed  in  Btu’s 
per  standard  cubic  foot  of  gas. 

4.2.2.2.3  Total  annual  energy  consump¬ 
tion  of  a  conventional  gas  cooking  top.  Cal¬ 
culate  the  total  annual  energy  consumption 
of  a  conventional  gas  cooking  top,  Eca,  in 
Btu’s  per  year  and  defined  as: 

EcA=Ecc+Ere, 

where: 

Ecc = energy  consumption  for  cooking  as 
determined  in  4.2.2.2.I. 

Epc= annual  energy  consumption  of  the 
pilot  lights  as  determined  in  4.2.2.2.2. 

4.2.3  Conventional  cooking  top  energy 
factor.  Calculate  the  energy  factor,  or  ratio 
of  useful  cooking  energy  output  for  cooking 
to  the  total  energy  input.  Ret,  as  follows: 

For  an  electric  cooking  top  the  energy 
factor  is  the  sam&  as  the  cooking  efficiency 
as  determined  according  to  4.2. 1.3. 

For  gas  cooking  tops, 

•  rct  *  oCT  , 


where: 

Oct=947,500  Btu’s  per  year,  annual  useful 
cooking  energy  output  of  cooking  top. 
Eca = total  annual  energy  consumption  of 
cooking  top  determined  according  to 
4.2.2.2.3. 

4.3  Conventional  range. 

4.3.1  Conventional  range  annual  energy 
consumption.  Calculate  the  conventional 


range  annual  energy  consumption,  E«,  in 
kWh’s  per  year  for  electrical  energy  and 
Btu’s  per  year  for  gas  energy,  and  defined 
as: 


Er=EaT+Eca.  where  gas  and  electrical  energy 
are  added  separately,  and  where 

Eat=Eao  or  Em.  the  conventional  oven(s) 
annual  energy  consumption  in  kWh’s 
per  year  and/or  Btu’s  per  year  as  deter¬ 
mined  in  4.1.2.5  or  4.I.2.6. 

CcA-the  conventional  cooking  top  annual 
energy  consumption  in  kWh's  per  year 
or  Btu’s  per  year  as  defined  in  4.2.2. 

4.3.2  Conventional  range  cooking  effi¬ 
ciency.  Calculate  the  conventional  range 
cooking  efficiency.  EffR,  and  defined  as: 


Ef  f  R 


6.14$  +  0787? 
Ef EffcT 


WI1C1C. 

Eff0=EffA0  or  Effro.  the  cooking  efficiency 
of  the  oven(s)  as  determined  according 
to  4.1.3. 1  or  4.1.3:2. 

Effcr = cooking  top  efficiency  as  deter¬ 
mined  in  4.2.I.3. 

The  constants  0.145  and  0.855  are  fractions 
of  the  annual  useful  energy  output  repre¬ 
sented  by  oven  usage  and  cooking  top  usage 
respectively. 

4.3.3  Conventional  range  energy  factor. 
Calculate  the  energy  factor,  or  the  ratio  of 
the  useful  cooking  energy  output  to  the 
total  energy  input  on  a  yearly  basis  for  the 
complete  range,  R*.  and  defined  as: 


RR  *  °R  ' 


where: 

0*= 1,108,000  Btu’s,  annual  useful  cooking 
energy  output. 

Em = total  annual  energy  consumption  as 
determined  in  4.3.1  and  with  all  values 
for  electrical  energy  converted  from 
kilowatt-hours  to  Btu’s  by  multiplying 
by  3,412  Btu’s  per  kWh. 

4.4  Microwave  oven. 

4.4.1  Specific  microwave  oven  cooking  ef¬ 
ficiency  for  each  test  load.  Calculate  the 
specific  microwave  oven  cooking  efficiency, 
Effi,  for  each  test  load  and  defined  as: 

Eff^  ■  W  x  F  x  Tm, 

eM 
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where: 

W=size  of  the  test  load,  in  milliliters 
Tm=Tf-T„ 
where: 

Tr=the  final  temperature  expressed  in  *F 
of  the  test  load  as  defined  in  3.2.3. 

Ti=the  initial  temperature  expressed  in  *F 
of  the  test  load  as  defined  in  3.2.3. 

F=  .000646  Watt-hr/Ml-*F  (used  to  convert 
milliliters  of  water  times  degrees  Fahr¬ 
enheit  to  watt-hours). 

Em = the  energy  consumption  as  defined  in 
3.2.3. 

4.4.2  Microwave  oven  cooking  efficiency. 
Calculate  the  microwave  oven  cooking  effi¬ 
ciency,  Effuo,  and  defined  as: 

n 

EffM0  -  I  £  Effi 
n  i=l 

n=4,  the  number  of  test  loads. 

Eff,=the  specified  microwave  cooking  effi¬ 
ciency  of  each  test  load  as  determined  in 

4.4.1. 

4.4.3  Microwave  oven  annual  energy  con¬ 
sumption.  Calculate  the  microwave  oven 
annual  energy  consumption,  Emo,  in  kWh's 
per  year,  and  defined  as: 


*„0  *  °M  *  <PMC  *  H*>  - 

E£fMO 


where: 

Om=34.2  kWh's  per  year,  the  microwave 
oven  annual  useful  cooking  energy 
output. 

Effuo = the  microwave  oven  cooking  effi¬ 
ciency  as  defined  in  4.4.2. 

Puc=the  power  rating  of  features  (such  as 
clocks),  expressed  in  watts.  The  power 
rating  is  the  power  drawn  from  the  elec¬ 
trical  supply  when  the  microwave  oven 
is  turned  off. 

H*=8.78,  the  number  of  thousand  hours 
in  a  year. 

4.4.4  Microwave  oven  energy  factor.  Cal¬ 
culate  the  energy  factor  or  the  ratio  of  the 
useful  cooking  energy  output  to  total 
energy  input  on  a  yearly  basis,  RM0,  and  de¬ 
fined  as: 


where: 

Om=34.2  kWh.  annual  useful  cooking 
energy  output. 

Emo  ■=  annual  total  energy  input  as  deter¬ 
mined  in  4.4.3. 

4.5  Microwave/conventional  range. 

4.5.1  Annual  energy  consumption. 

4.5.1. 1  .Annual  energy  consumption  of  the 
conventional  oven  for  cooking. 

4.5.1.1.1  Annual  primary  energy  con¬ 
sumption.  Calculate  the  annual  primary 
energy  consumption  for  cooking  of  a  con¬ 
ventional  oven  in  combination  with  a  micro- 
wave  oven,  Ecou,  expressed  in  Btu’s  for  gas 


ovens  and  in  kilowatt-hours  for  electric 
ovens,  with  the  following  equation: 

EcoM  =  KXEco. 

where: 

K=0.82,  estimated  fraction  of  usage  for  a 
conventional  oven  due  to  microwave 
oven  usage. 

Eco= energy  consumption  as  calculated  in 

4.1.2.1.1. 

4.5.1. 1.2  Annual  secondary  energy  con¬ 
sumption  for  a  gas  oven.  Calculate  the 
annual  secondary  energy  consumption  for 
cooking  of  a  gas  oven  in  combination  with  a 
microwave  oven,  Esom,  expressed  in  kilowatt- 
hours,  with  the  following  equation: 

Egon  —  K  X  Eso, 

where: 

K=0.82,  as  defined  in  4.5.1. 1.1. 

Eso=energy  consumption  as  calculated  in 

4.1. 2.1.2. 

4.5.1.2  Annual  energy  consumption  of  the 
conventional  cooking  top.  Calculate  the 
annual  energy  consumption  of  a  cooking  top 
in  combination  with  a  microwave  oven.  Ecu,, 
expressed  in  kilowatt-hours  for  an  electric 
cooking  top  and  in  Btu's  for  a  gas  cooking 
top,  with  the  following  equations: 

For  electric  cooking  tops: 

Ecam = Lx  EfA, 

where: 

L=0.85,  estimated  fraction  of  usage  for  a 
conventional  cooking  top  due  to 
mircowave  oven  usage. 

Ec*= energy  consumption  as  calcuated  in 
4.2.2.I. 

For  gas  cooking  tops: 

Ecam  =  (LxEcc)+  Efc. 

where: 

Ecc= annual  energy  consumption  for  cook¬ 
ing  as  determined  in  4.2.2.2.I. 

Epc= annual  energy  consumption  of  sur¬ 
face  pilots  as  determined  in  4.2.2.2.2. 
L=0.85,  as  defined  above. 

4.5. 1.3  Total  annual  energy  consumption 
Of  microwave/conventional  range. 

4.5.1.3.1  Microwave/conventional  elec¬ 
tric  range.  Calculate  the  total  annual 
energy  consumption  of  all-electric  micro¬ 
wave/conventional  range,  Erm.  expressed  in 
kilowatt-hours  per  year  with  the  following 
equation: 

Erm  =  Eaom  +  Esc  +  Eci.  +  Ecam  +  Emo. 

where: 

Ecom = primary  energy  consumption  for 
oven  cooking  as  determined  in  4.5.1.1.L 
E*c= primary  energy  consumption  for  oven 
self -cleaning  as  determined  in  4.I.2.3.I. 
Eoi= conventional  oven  clock  energy  con¬ 
sumption  as  determined  in  4.I.2.4. 

Ecam = cooking  top  energy  consumption  as 
determined  in  4.5.I.2. 

Emo  = microwave  oven  energy  consumption 
as  determined  in  4.4.3. 

4.5.1.3.2  Microwave/conventional  gas 
range.  For  a  microwave/conventional  range 
with  a  conventional  gas  cooking  top  and  gas 
oven  calculate  the  total  annual  gas  con¬ 
sumption,  Ermc.  In  Btu’s  and  defined  as: 

Ermo Ecom + E*c + Ecam  +  Epo + Epc, 


where: 

Ecom,  Esc,  and  Ecam  are  the  same  as  defined 
in  4.5.I.3.I. 

Epo=gas  oven  pilot  energy  consumption  as 
determined  in  4.I.2.2. 

Epc=gas  cooking  top  pilot  energy  con¬ 
sumption  as  determined  in  4.2.2.2.2. 
Calculate  the  total  annual  electrical  energy 
consumption,  E.u.,  in  kilowatt-hours  and  de¬ 
fined  as: 

Erme = Emo + Esom + Egs + Ecu 

where: 

Emo = microwave  oven  energy  consumption 
as  determined  in  4.4.3. 

E*om = secondary  energy  consumption  for 
oven  cooking  as  determined  in  4. 5.1. 1.2. 
Eg* = secondary  energy  consumption  for 
oven  self-cleaning  as  determined  in 

4.1. 2.3. 2. 

Ecl= conventional  oven  clock  energy  con¬ 
sumption  as  determined  in  4.I.2.4. 

The  total  annual  energy  consumption  of  a 
gas  and  electric  microwave/conventional 
range,  Erm,  is  comprised  of  Ermc.  expressed 
in  Btu’s,  and  Ermc  expressed  in  kilowatt- 
hours,  as  computed  above. 

4.5.2.  Cooking  efficiency  of  microwave/ 
conventional  range.  Calculate  the  cooking 
efficiency  of  a  microwave/conventional 
range,  EffRM.  and  defined  as: 


where: 

EffAo=cooking  efficiency  of  conventional 
oven  as  determined  in  4.I.3.I. 

Effcr= cooking  efficiency  of  the  cocking 
top  as  determined  in  4.2.1. 3. 

Ef f mo = microwave  oven  cooking  efficiency 
as  determined  in  4.4.2. 

The  constants  0.1250,  0.7843  and  0.1107  are 
the  fractions  of  total  annual  useful  energy 
output  represented  by  conventional  oven 
usage,  cooking  top  usage,  and  microwave 
oven  usage  respectively. 

4.5.3.  Energy  factor  of  microwave/con¬ 
ventional  range.  Calculate  the  energy  factor 
of  a  microwave/conventional  range,  Rrm. 
and  defined  as: 

For  all-electric  ranges. 


°RM 


where: 

Orm= 308.9  kWh,  annual  useful  cooking 
energy  output. 

Erm = total  annual  energy  consumption  as 
determined  in  4.5.I.3.I. 

For  ranges  which  use  both  gas  and  electrical 
energy. 
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where: 

0^=1,054,000  Btu,  annual  useful  cooking 
energy  output. 

E.mt= total  annual  electrical  energy  con- 
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PART  430 — ENERGY  CONSERVATION 
PROGRAM  FOR  APPLIANCES 

Test  Procedures  for  Unvented  Home 
Heating  Equipment 

AGENCY:  Department  of  Energy. 


RULES  AND  REGULATIONS 

sumption  as  determined  in  4.5.I.3.2. 
Er>ic= total  annual  gas  energy  consump¬ 
tion  as  determined  in  4.5.I.3.2. 

H,=3412  Btu’s/kWh,  conversion  factor  for 
kilowatt-hours  to  Btu’s. 


ACTION:  Pinal  rule. 

SUMMARY:  This  rule  prescribes  final 
test  procedures  for  unvented  home 
heating  equipment.  Appliance  test 
procedures  are  one  element  of  the  ap¬ 
pliance  energy  efficiency  program  re¬ 
quired  by  the  Energy  Policy  and  Con¬ 
servation  Act.  The  effect  of  this  action 
is  to  establish  standard  methods  of 


testing  when  testing  is  required  by  the 
Act  or  by  regulations  implementing 
other  parts  of  the  program. 

EFFECTIVE  DATE:  June  15. 1978. 

FOR  FURTHER  INFORMATION 
CONTACT: 

James  A.  Smith  (Office  of  Conserva¬ 
tion).  Room  307,  Old  Post  Office 
Building,  12th  and  Pennsylvania 
Avenue  NW.,  Washington,  D.C. 
20461,  202-566-4635. 

Jim  Mema  (Media  Relations),  Room 
3104,  Federal  Building,  12th  and 
Pennsylvania  Avenue  NW.,  Washing¬ 
ton,  D.C.  20461,  202-566-9833. 

Robert  Mussler  (Office  of  General 
Counsel),  Room  7150,  Federal  Build¬ 
ing,  12th  and  Pennsylvania  Avenue 
NW.,  Washington,  D.C.  20461,  202- 
566-9750. 

SUPPLEMENTARY  INFORMATION: 

A.  Background 

On  October  1,  1977,  pursuant  to  the 
Department  of  Energy  Organization 
Act  (DOE  Act)  (Pub.  L.  95-91)  the  De¬ 
partment  of  Energy  (DOE)  assumed 
the  authority  of  the  Federal  Energy 
Administration  (FEA)  under  the 
Energy  Policy  and  Conservation  Act 
(Act)  (Pub.  L.  94-163),  with  regard  to 
the  energy  conservation  program  for 
consumer  products.  DOE  hereby 
amends  Part  430,  Chapter  II  of  Title 
10,  Code  of  Federal  Regulations,  in 
order  to  prescribe  test  procedures  for 
unvented  home  heating  equipment 
pursuant  to  section  323  (43  U.S.C. 
6293)  of  the  Act.  These  test  proce¬ 
dures  were  proposed  by  notice  issued 
May  11.  1977  (42  FR  23860)  for  un¬ 
vented  home  heating  equipment. 
Public  hearings  on  the  proposed  test 
procedures  were  held  on  July  6,  1977. 

By  notice  issued  May  24,  1977  (42 
FR  27896),  DOE  established  Subparts 
A  and  B  of  Part  430,  Chapter  II  of 
Title  10,  Code  of  Federal  Regulations. 
Certain  definitions  and  general  provi¬ 
sions  applicable  to  the  energy  conser¬ 
vation  program  for  appliances  have 
been  promulgated  in  subpart  A.  Final 
test  procedures  for  room  air  condition¬ 
ers,  dishwashers,  electric  refrigerators 
and  electric  refrigerator-freezers, 
freezers,  television  sets,  clothes  dryers, 
waters  heaters,  clothes  washers,  dehu- 
midifers,  humidifiers,  and  central  air 
conditioners  have  been  prescribed  in 
subpart  B.  Test  procedures  for  ranges 
and  ovens,  furnaces,  and  vented  home 
heating  equipment  have  been  pro 


5.  ILLUSTRATION  OF  CONVENTIONAL  OVEN  TEST  DATA 


ENERGY  INPUT 


[FR  Doc.  78-12460  Filed  5-9-78;  8:45  am] 
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posed  for  inclusion  in  subpart  B.  DOE 
has  also  established  a  subpart  C  for 
appliance  energy  efficiency  improve¬ 
ment  targets.  An  outline  of  the  provi¬ 
sions  of  subparts  A  and  B  of  part  430 
which  have  so  far  been  established,  in¬ 
cluding  provisions  in  this  rulemaking, 
is  as  follows: 

Subpart  A— General  Provisions  Section 
Sec. 

430.1  Purpose  and  scope. 

430.2  Definitions. 

Subpart  B— Test  Procedures 

430.21  Purpose  and  scope. 

430.22  Test  procedures  for  measures  of 
energy  consumption. 

(a)  Refrigerators  and  refrigerator-freezers. 

(b)  Freezers. 

(c)  Dishwashers. 

<d)  Clothes  dryers. 

(e)  Water  heaters. 

(f)  Room  air  conditioners. 

(g)  Unvented  home  heating  equipment. 

(h)  Television  sets. 


(j)  Clothes  washers. 

(k)  Humidifiers. 

(l)  Dehumidifiers. 

(m)  Central  air  conditioners. 


430.22  Units  to  be  tested  (reserved). 

430.24  Representations  regarding  measures 
of  energy  consumption. 

(a)  Refrigerators  and  refrigerator-freezers. 

(b)  Freezers. 

(e)  Dishwashers. 

(d)  Clothes  dryers. 

<e)  Water  heaters. 

(f )  Room  air  conditioners. 

(g)  Unvented  home  heating  equipment. 

(h)  Television  sets. 

•  •  •  •  • 

(j)  Clothes  washers. 

(k)  Humidifiers. 

(l)  Dehumidifiers. 

<m)  Central  air  conditioners. 


Appendices  to  Subpart  B 

Appendix  Al— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Electric  Refrigerators  and  Electric  Refrig¬ 
erator-freezers 


Appendix  B— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Freezers 

Appendix  C— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Dishwashers 

Appendix  D — Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Clothes  Dryers 

Appendix  E— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Water  Heaters 

Appendix  F— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Room  Air  Conditioners 

Appendix  G— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Unvented  Home  Heating  Equipment 


Appendix  H— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Television  8ets  ' 


Appendix  J— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Clothes  Washers 

Appendix  Kl— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Central  System  Humidifiers 
Appendix  K2— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Room  Humidifiers 

Appendix  L— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Dehumidifiers 

Appendix  M— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Central  Air  Conditioners 

B.  Discussion  of  Comments 

Comments  were  received  from  indus¬ 
try,  trade  associations  and  members  of 
the  public.  The  major  issues  raised  by 
the  comments  are  discussed  below. 

1.  ANNUAL  OPERATING  COST 
CALCULATIONS  FOR  PRIMARY  HEATERS 

Comments  were  received  stating 
that  primary  heaters  are  typically  not 
sized  to  meet  exactly  the  design  heat 
loss  of  a  structure  and  that  annual  op¬ 
erating  costs  calculated  on  such  a  basis 
would  be  misleading.  The  proposed 
test  procedures  used  an  assumption 
that  the  maximum  power  input  of  a 
primary  heater  matched  the  design 
heat  loss  of  the  structure  in  which  it 
was  to  be  installed.  Information  was 
presented  by  commenters  that  showed 
the  typical  sizing  of  primary  heaters 
to  be  10  to  20  percent  larger  than  the 
design  heat  loss  of  the  structure.  The 
National  Bureau  of  Standards  (NBS) 
has  recommended  to  DOE  that  a 
change  be  made  to  the  unvented  home 
heating  equipment  test  procedures 
which  incorporates  a  20  percent  over¬ 
sizing  factor  as  being  representative  of 
residential  applications  of  primary 
heaters.  This  recommendation  has 
been  accepted  by  DOE  and  a  change 
has  been  made  in  today’s  final  rule 
whereby  the  equation  for  the  average 
annual  energy  consumption  contained 
in  section  3.1  has  been  modified.  This 
modification  replaces  the  term,  “PE”. 
the  maximum  power  input  of  primary 
heaters,  with  the  term,  “design  heat¬ 
ing  requirement”.  The  design  heating 
requirement  is  equal  to  “PB”  divided 
by  1.2,  the  oversizing  factor. 

Several  other  commenters  pointed 
out  that  if  heaters  are  oversized  more 
than  the  typical  20  percent,  the 
annual  operating  cost  would  not  be 
any  higher  than  a  heater  that  is  over¬ 
sized  by  20  percent.  This  comment  re¬ 
lates  to  the  fact  that  the  value  of  the 
design  heating  requirement  is  derived 
from  the  heater  size  in  the  test  proce¬ 
dures.  DOE  agrees  that  oversized 
(larger  than  20  percent)  heaters  will 
not  consume  more  energy  than  prop¬ 


erly  sized  heaters.  However,  in  order 
to  determine  an  estimated  annual  op¬ 
erating  cost  based  on  a  representative 
average-use  cycle,  it  was  necessary  to 
assume  a  typical  fixed  oversizing 
factor. 

A  comment  was  received  that  sug¬ 
gested  using  a  68°  P  indoor  tempera¬ 
ture  instead  of  70°  F  in  the  annual 
energy  consumption  calculations.  DOE 
has  determined  that  a  70°  F  indoor 
temperature  is  representative  of  typi¬ 
cal  thermostat  settings  used  today.  If 
data  become  available  that  show  dif¬ 
ferent  consumer  usage  patterns,  the 
energy  consumption  calculations  can 
be  modified  to  reflect  those  patterns. 

Another  commenter  suggested  that 
consumers  might  be  influenced  to  buy 
smaller  heaters  that  may  not  meet 
their  particular  heating  requirements. 
This  comment  apparently  was  based 
upon  the  assumption  that  the  consum¬ 
er  would  use  information  derived  from 
the  test  procedures  without  informa¬ 
tion  on  the  heat  output  needed  for  the 
particular  space  the  consumer  wished 
to  heat.  While  it  is  imperative  that  a 
consumer  have  basic  information 
about  his  heating  requirements  prior 
to  making  any  decisions  concerning 
the  purchase  of  a  heater.  DOE  be¬ 
lieves  this  information  is  more  appro¬ 
priately  found  elsewhere  then  by  oper¬ 
ation  of  the  test  procedures  them¬ 
selves.  It  is  expected,  for  example, 
that  labels  for  heating  equipment 
under  the  Federal  Trade  Commission 
(FTC)  labeling  program  can  deal  ad- 
quately  with  this  item  of  needed  addi¬ 
tional  information. 

a.  ANNUAL  OPERATING  COST  CALCULA¬ 
TIONS  FOR  SUPPLEMENTARY  HEATERS 

Many  comments  were  submitted 
criticizing  the  use  of  133  hours  per 
year  as  a  representative  average  use 
cycle  for  supplementary  heaters. 
Other  commenters  suggested  that 
both  primary  and  supplementary 
heaters  be  labeled  on  the  basis  of  cost 
per  hour  of  continuous  use.  Several 
commenters  stated  that  primary  and 
supplementary  heaters  should  have 
annual  operating  costs  based  on  the 
same  number  of  hours  of  use  per  year. 

A  review  of  background  information 
revealed  that  data  was  unavailable  to 
support  the  133  hours  per  year  of  use 
for  supplementary  heaters.  DOE  ex¬ 
amined  the  possibility  of  comparing 
primary  and  supplementary  heaters 
based  on  the  same  number  of  hours  of 
use  per  year  but  has  determined  that 
treating  a  supplementary  heater  as  a 
primary  source  of  heat  is  not  consist¬ 
ent  with  the  typical  usage  patterns  of 
supplementary  heaters. 

DOE  has  determined  that  there  is 
not  sufficient  data  available  at  this 
time  on  which  to  base  the  establish¬ 
ment  of  a  representative  average-use 
cycle  for  supplementary  heaters. 
Therefore,  DOE  has  determined  to 
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delay  that  portion  of  the  test  proce¬ 
dures  dealing:  with  establishing  esti¬ 
mated  annual  operating  costs  for  sup¬ 
plementary  heaters.  DOE  will  propose 
test  procedures  for  determining  esti¬ 
mated  annual  operating  costs  of  sup¬ 
plementary  heaters  as  soon  as  practi¬ 
cable,  unless  It  determines  that  the 
test  procedures  cannot  be  developed 
which  meet  the  requirements  of  sec¬ 
tion  323(b)  of  the  Act  and  publishes 
such  determination  in  the  Federal 
Register  together  with  the  reasons 
therefor. 

The  test  procedures  promulgated 
today,  do,  however,  provide  for  the  de¬ 
termination  of  an  estimated  hourly 
operating  cost  for  supplementary 
heaters.  This  is  based  on  cost  per  hour 
of  continuous  use.  DOE  has  deter¬ 
mined  that  the  estimated  hourly  oper¬ 
ating  cost  is  a  measure  of  energy  con¬ 
sumption  that  is  likely  to  assist  con¬ 
sumers  in  making  purchasing  deci¬ 
sions. 

Several  commenters  were  concerned 
that  consumers  could  be  misinformed 
if  primary  and  supplementary  heaters 
had  different  labeled  operating  costs 
based  on  different  usage  patterns. 
DOE  agrees  this  possibility  could 
occur  but  also  recognizes  that  the  dif¬ 
ferences  in  usage  patterns  for  these 
two  products  do  in  fact  exist.  Through 
DOE  consumer  education  programs 
and  FTC  labeling  program  informa¬ 
tion  is  expected  to  be  made  available 
to  the  consumer  so  that  he  can  make 
an  informed  decision  when  purchasing 
a  heating  device. 

3.  AVERAGE  ANNUAL  ENERGY 
CONSUMPTION  EQUATION 

Commenters  suggested  that  a 
common  method  of  calculating  annual 
energy  consumption  should  be  adopt¬ 
ed  for  all  types  of  heating  systems,  i.e., 
unvented  home  heating  equipment, 
vented  home  heating  equipment,  and 
furnaces  and  boilers.  The  final  rule 
prescribed  today  contains  modifica¬ 
tions  to  the  annual  energy  consump¬ 
tion  calculation  in  section  3.1.  The 
equation  in  section  3.1  has  been 
changed  to  be  consistent  with  the 
annual  energy  consumption  equation 
in  the  final  rule  for  furnaces  and  boil¬ 
ers  and  for  vented  heaters.  The 
changes  made  to  the  equation  in  sec¬ 
tion  3.1  include:  replacing  the  maxi¬ 
mum  power  input  term,  “PE”,  with  the 
term  “design  heating  requirement”, 
which  is  equal  to  "P,”  divided  by  1.2 
(oversizing  factor);  replacing  the  ex¬ 
pression— “D”  .  <4,000  degree  days) 
times  “A”  (24  hours  per  day)  divided 
by  “At”  (60*  F  design  temperature  dif¬ 
ference)  with  the  value  2080  (the  na¬ 
tional  average  heating  load  hours); 
and  using  the  constant  adjustment 
factor  “C”  (0.77)  in  place  of  “CD”  (the 
ASHRAE  correction  factor).  In  addi¬ 
tion,  the  degree  day  map  of  the  United 
States  contained  in  the  proposed  test 


procedures  has  been  changed  to  a 
heating  load  hour  map. 

Several  commenters  criticized  the 
value  of  the  correction  factor  “CD” 
used  in  the  proposed  average  annual 
energy  consumption  equation.  An¬ 
other  commenter  stated  that  use  of  a 
constant  “CD”  factor  to  determine  esti¬ 
mated  annual  operating  costs  for  dif¬ 
ferent  geographic  regions  was  not  cor¬ 
rect. 

NBS  has  reviewed  the  development 
of  the  “CD”  factor  that  was  published 
in  Table  2  of  Chapter  43  in  the  Ameri¬ 
can  Society  of  Heating,  Refrigerating 
and  Air-Conditioning  Engineers 
(ASHRAE)  Systems  Handbook— 1976. 
The  available  background  information 
supports  the  use  of  a  correction  factor 
to  adjust  energy  consumption  calcula¬ 
tions  to  measured  field  values.  Howev¬ 
er,  very  little  evidence  was  found  to 
substantiate  the  use  of  a  “CD”  factor 
that  varied  by  geographic  region.  As  a 
result  of  this  review,  NBS  has  recom¬ 
mended  to  DOE  that  a  correction 
factor  of  0.77  be  used  in  the  energy 
consumption  equations  for  all  types  of 
heating  systems  and  all  fuel  types. 
The  value  0.77  was  selected  from  the 
1973  ASHRAE  Systems  Handbook  as 
being  representative  of  typical  heating 
system  installations.  The  selection  of  a 
constant  correction  factor  is  based  on 
the  best  available  information  and  will 
be  used  in  the  final  test  procedures 
until  such  time  as  further  data  can  be 
developed  to  determine  an  energy  con¬ 
sumption  equation,  without  an  adjust¬ 
ment  factor,  that  yields  agreement 
with  energy  consumption  measure¬ 
ments  taken  in  the  field. 

Another  commenter  stated  that  the 
degree  day  method  is  only  valid  in  geo¬ 
graphic  regions  with  the  range  of 
3,000  to  7,000  degree  days  per  heating 
season.  NBS  has  recommended  that 
the  energy  consumption  calculations 
prescribed  in  this  rule  be  used  for  all 
geographic  regions  in  the  United 
States.  DOE  has  accepted  this  recom¬ 
mendation  and  therefore  no  limitation 
has  been  made  on  the  useful  range  of 
the  degree  day  method. 

4.  UNITS  TO  BE  TESTED 

Several  commenters  criticized  the 
sampling  provision  contained  in  pro¬ 
posed  5  430.23.  The  commenters  stated 
that  the  5  percent  tolerance  on  the 
mean  of  the  sample  was  too  restrictive 
and  would  lead  to  the  testing  of  a 
large  number  of  units  in  order  to  satis¬ 
fy  the  sampling  requirements.  Infor¬ 
mation  was  supplied  by  the  com¬ 
menters  that  showed  typical  industry 
tolerances  on  heater  output  are  +5  to 
—10%  of  the  nameplate  rating.  DOE 
has  evaluated  these  inputs  and  has  de¬ 
termined  that  a  change  in  the  sam¬ 
pling  provision  is  warranted.  The  sam¬ 
pling  provision  contained  in  the  final 
rule  prescribed  today  allows  a  ±7.5% 
tolerance  on  the  mean  of  the  sample. 


Test  procedures  prescribed  under 
section  323  of  the  Act  are  Intended  ul¬ 
timately  to  be  used  throughout  the 
program,  such  as  for  labeling  under 
section  324,  for  monitoring  the  pro¬ 
gress  of  manufacturers  toward  meet¬ 
ing  the  energy  efficiency  improvement 
targets  under  section  325,  and  for  en¬ 
forcement  testing  under  section  320. 
These  aspects  of  the  appliance  pro¬ 
gram  have  not,  however,  been  imple¬ 
mented.  It  is  quite  possible  that  the 
objectives  of  appliance  testing  under 
each  of  these  parts  of  the  program,  as 
well  as  the  instructions  as  to  how  a 
test  procedure  should  be  applied  (e.g., 
sampling  of  production  units),  may 
differ.  DOE,  NBS,  and  FTC  are  con¬ 
tinuing  to  evaluate  the  appropriate 
method  or  methods  for  sampling  the 
units  to  be  tested  in  order  to  comply 
with  the  statute  and  satisfy  all  of  the 
different  elements  of  the  appliance 
program. 

While  the  various  parts  of  the  appli¬ 
ance  program  identified  above  are  not 
in  effect  at  this  time,  section  323(c)  of 
the  Act  provides: 

Effective  90  days  after  a  test  procedure 
rule  applicable  to  a  covered  product  is  pre¬ 
scribed  under  this  section,  no  manufacturer, 
distributor,  retailer  or  private  labeler  may 
make  any  representation— 

(1)  in  writing  (including  a  representation 
on  a  label),  or 

(2)  in  any  broadcast  advertisement,  re¬ 
specting  the  energy  consumption  of  such 
product,  unless  such  product  has  been 
tested  in  accordance  with  such  test  proce¬ 
dure  and  such  representation  fairly  dis¬ 
closes  the  results  of  such  testing. 

In  order  to  eliminate  some  of  the 
difficulties  associated  with  a  general 
sampling  provision,  §430.23,  which  is 
concerned  with  the  number  of  units  to 
be  tested,  has  been  reserved  in  the 
final  test  procedures.  Also,  sampling 
requirements  which  apply  only  for  ad¬ 
vertising  unvented  home  heating 
equipment  have  been  reorganized  into 
§  430.24(g)  of  the  final  test  procedures. 
Section  430.24(g)  has  been  revised 
slightly  from  the  proposed  §  430.23(g). 
Most  notably,  the  units  tested  are  now 
required  only  to  be  representative  of 
production  units  or  actual  production 
units.  This  change  is  intended  to 
reduce  the  burden  which  might  be 
caused  by  requiring  post-production 
rating  of  basic  models  in  every  in¬ 
stance  of  testing  pursuant  to  section 
323(c)  of  the  Act.  Until  a  labeling  rule 
has  been  implemented  pursuant  to 
section  324,  manufacturers  are  not  re¬ 
quired  to  test  unless  they  choose  to 
make  representations  regarding  a 
measure  of  energy  consumption  identi¬ 
fied  in  or  based  upon  §  430.22(g).  It 
should  also  be  emphasized  that  the 
test  procedures  prescribed  today  apply 
only  to  the  initial  rating  of  a  basic 
model  where  representations  under 
§  430.24(g)  are  concerned. 
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5.  HEATER  DESIGN,  LOCATION  AND  METHOD 
OF  CONTROL 

One  commenter  stated  that  heater 
design,  location,  and  method  of  con¬ 
trol  will  have  substantial  impact  on 
energy  consumption.  DOE  agrees  that 
these  design  characteristics  may  influ¬ 
ence  energy  consumption,  but  because 
of  insufficient  data  with  which  to 
evaluate  these  effects  DOE  has  deter¬ 
mined  that  changes  to  the  test  proce¬ 
dures  are  not  technically  feasible  at 
this  time.  Therefore,  no  changes  have 
been  made  to  the  final  test  procedures 
in  this  regard. 

6.  UNVENTED  GAS  HEATERS 

The  test  procedures  proposed  for  un- 
vented  home  heating  equipment  in¬ 
cluded  provisions  for  unvented  gas 
home  heating  equipment.  Several  com¬ 
ments  were  submitted  suggesting  that 
unvented  heaters  be  eliminated  from 
the  consumer  product  efficiency  and 
labeling  program  because  of  the  pend¬ 
ing  ban  on  the  sale  of  unvented  gas 
heaters  by  the  Consumer  Product 
Safety  Commission  (CPSC).  The 
CPSC  proposed  a  ban  on  the  sale  of 
unvented  gas  heaters  on  February  14, 
1978  (43  FR  6235)  and  conducted 
public  hearings  on  March  6.  1978.  A 
final  determination  is  expected  by 
CPSC  in  July,  1978.  Therefore,  DOE 
has  delayed  the  issuance  of  the  por¬ 
tions  of  the  test  procedures  that  deal 
exclusively  with  unvented  gas  heaters 
pending  the  CPSC  decision. 

C.  Regulations  Prescribed 
1.  TEST  procedures 

The  test  procedures  for  unvented 
home  heating  equipment  prescribed 
today  are  included  in  Subpart  B  and 
are  substantially  the  same  as  those 
proposed,  with  the  exception  of  the 
changes  discussed  above. 

2.  GENERAL  PROVISIONS 

Also  prescribed  today  are  definitions 
of  “Baseboard  electric  heater,”  “Basic 
model,”  with  respect  to  unvented 
home  heating  equipment,  “Ceiling 
electric  heater,”  “Floor  electric 
heater.”  “Home  heating  equipment, 
not  including  furnaces.”  “Portable 
electric  heater,”  "Unvented  home 
heating  equipment,”  and  “Wall  elec¬ 
tric  heater.”  These  definitions  for  un¬ 
vented  home  heating  equipment  were 
previously  proposed  in  subpart  A  (42 
FR  23860,  May  11,  1977).  The  defini¬ 
tions  of  the  terms  "primary  heater" 
and  “supplementary  heater”  have 
been  added.  Comments  which  were  re¬ 
ceived  regarding  these  definitions  and 
the  issues  which  they  raised  have  been 
discussed  earlier  in  this  notice. 

3.  APPLICATION  OF  TEST  PROCEDURES 

As  discussed  previously,  the  final 
test  procedures  prescribed  today  must 


be  applied  before  representations  re¬ 
garding  a  measure  of  energy  consump¬ 
tion  can  be  made.  Because  the  pur¬ 
poses  and  needs  of  the  different  ele¬ 
ments  of  the  appliance  program  (e.g.. 
labeling,  targets)  vary,  application  of 
the  standard  test  methodology  pre¬ 
scribed  today  may  differ  in  some  re¬ 
spects  for  each  program  element. 
Instructions  on  how  to  apply  the 
standard  test  methodology  to  these 
other  elements  of  the  appliance  pro¬ 
gram  will  be  proposed  for  comment  in 
the  near  future. 

The  requirements  of  §  430.24(g)  of 
the  final  regulations  apply  until  such 
time  as  final  labeling  requirements  for 
a  particular  measure  of  energy  con¬ 
sumption  and  the  associated  test  pro¬ 
cedure  application  provision  are  pre¬ 
scribed.  After  that  time,  all  represen¬ 
tations  regarding  a  measure  of  energy 
consumption  covered  by  a  labeling 
rule  must  be  the  same  as  represented 
on  the  label. 

D.  Unit  Costs  of  Energy 

Under  section  323(b)(2)  of  the  Act, 
FEA  is  to  provide  manufacturers  in¬ 
formation  as  to  the  representative 
average  unit  costs  of  energy.  This  in¬ 
formation  was  provided  by  notice 
issued  July  11,  1977  (42  FR  36549.  July 
15,  1977). 

E.  Preemption 

Today’s  rulemaking  prescribing  final 
test  procedures  for  unvented  home 
heating  equipment  supersedes  any 
State  regulation  to  the  extent  re¬ 
quired  by  section  327  of  the  Act.  Pur¬ 
suant  to  section  327,  all  State  regula¬ 
tions  which  provide  for  the  disclosure 
of  information  with  respect  to  any 
measure  of  energy  consumption  of  un¬ 
vented  home  heating  equipment,  or 
which  provide  for  any  energy  efficien¬ 
cy  standard  or  similar  requirement 
with  respect  to  energy  efficiency  or 
energy  use  of  unvented  home  heating 
equipment,  must  now  employ  test  pro¬ 
cedures  identical  to  those  specified  in 
today’s  final  rule. 

(Energy  Policy  and  Conservation  Act,  Pub. 
L.  94-163,  as  amended  by  Pub.  L.  94-385; 
Federal  Energy  Administration  Act  of  1974. 
Pub.  L.  93-275,  as  amended  by  Pub.  L.  94- 
385;  Department  of  Energy  Organization 
Act.  Pub.  L.  95-91;  E.O.  11790,  39  FR  23186) 

In  consideration  of  the  foregoing, 
part  430  of  chapter  II  of  title  10,  Code 
of  Federal  Regulations,  is  amended  as 
set  forth  below,  effective  June  15, 
1978. 

Issued  in  Washington,  D.C.,  May  2, 
1978. 

William  P.  Davis, 
Deputy  Director  of 
Administration. 

1.  Section  430.2  is  amended  by 
adding  a  subparagraph  (7)(i)  as  part  of 
the  definition  of  “Basic  model,”  and 


by  adding  in  appropriate  alphabetical 
order  the  definitions  of  “baseboard 
electric  heater,”  “ceiling  electric 
heater,”  “electric  heater,”  “floor  elec¬ 
tric  heater,”  “home  heating  equip¬ 
ment,  not  including  furnaces,”  "porta¬ 
ble  electric  heater,”  “primary  heater,” 
"supplementary  heater,”  “unvented 
home  heating  equipment,”  and  “wall 
electric  heater,”  to  read  as  follows: 

§  430.2  Definitions. 

***** 

“Basic  model”  means  all  units  of  a 
given  type  of  covered  product  manu¬ 
factured  by  one  manufacturer  and— 

•  *  •  •  * 

(7)(i)  with  respect  to  unvented  home 
heating  equipment,  having  essentially 
identical  functional  physical  and  elec¬ 
trical  characteristics. 

•  *  *  •  * 

“Baseboard  electric  heater”  means 
an  electric  heater  which  is  intended  to 
be  recessed  in  or  surface  mounted  on 
walls  at  floor  level,  which  is  character¬ 
ized  by  long,  low  physical  dimensions, 
and  which  transfers  heat  by  natural 
convection  and/or  radiation. 

“Ceiling  electric  heater”  means  an 
electric  heater  which  is  intended  to  be 
recessed  in,  surface  mounted  on,  or 
hung  from  a  ceiling,  and  which  trans¬ 
fers  heat  by  radiation  and/or  convec¬ 
tion  (either  natural  or  forced). 

“Electric  heater”  means  an  electric 
appliance  in  which  heat  is  generated 
from  electrical  energy  and  dissipated 
by  convection  and  radiation  and  in¬ 
cludes  baseboard  electric  heaters,  ceil¬ 
ing  electric  heaters,  floor  electric  heat¬ 
ers,  portable  electric  heaters,  and  wall 
electric  heaters. 

“Floor  electric  heater”  means  an 
electric  heater  which  is  intended  to  be 
recessed  in  a  floor,  and  which  trans¬ 
fers  by  radiation  and/or  convection 
(either  natural  or  forced). 

“Home  heating  equipment,  not  in¬ 
cluding  furnaces”  means  vented  home 
heating  equipment  and  unvented 
home  heating  equipment. 

“Portable  electric  heater,”  means  an 
electric  heater  which  is  intended  to 
stand  unsupported,  and  can  be  moved 
from  place  to  place  within  a  structure. 
It  is  connected  to  electric  supply  by 
means  of  a  cord  and  plug,  and  trans¬ 
fers  heat  by  radiation  and/or  conven¬ 
tion  (either  natural  or  forced). 

“Primary  heater”  means  a  heating 
device  that  is  the  principal  source  of 
heat  for  a  structure  and  includes  base¬ 
board  electric  heaters,  ceiling  electric 
heaters,  and  wall  electric  heaters. 

“Supplementary  heater”  means  a 
heating  device  that  provides  heat  to  a 
space  in  addition  to  that  which  is  sup¬ 
plied  by  a  primary  heater.  Supplemen¬ 
tary  heaters  include  portable  electric 
heaters. 
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"Unvented  home  heating  equip¬ 
ment"  means  a  class  of  home  heating 
equipment  not  including  furnaces, 
used  for  the  purpose  of  furnishing 
heat  to  a  space  proximate  to  such 
heater  directly  from  the  heater  and 
without  duct  connections  and  includes 
electric  heaters  and  unvented  gas 
heaters. 

•  •  •  •  • 

"Wall  electric  heater"  means  an 
electric  heater  (excluding  baseboard 
electric  heaters)  which  is  intended  to 
be  recessed  in  or  surface  mounted  on 
walls,  which  transfers  heat  by  radi¬ 
ation  and/or  convection  (either  natu¬ 
ral  or  forced)  and  which  includes 
forced  convectors,  natural  convectors, 
radiant  heaters,  high  wall  or  valance 
heaters. 

•  •  •  •  • 

2.  Section  430.22  is  amended  by 
adding  a  paragraph  (g),  to  read  as  fol¬ 
lows: 

§  436.22  Test  procedures  for  measures  of 
energy  consumption. 

•  •  •  •  • 

(g)  Unvented  Home  Heating  Equip¬ 
ment. 

(1)  The  estimated  annual  operating 
cost  for  primary  heaters,  shall  be  the 
product  of  (i)  the  average  annual  elec¬ 
tric  energy  consumption  in  kilowatt- 
hours  per  year,  determined  according 
to  3.1  of  appendix  G  of  this  subpart 
and  (ii)  the  representative  average 
unit  cost  in  dollars  per  kilowatt-hour 
as  provided  pursuant  to  section 
323(b)(2)  of  the  Act,  the  resulting 
product  then  being  rounded  off  to  the 
nearest  dollar  per  year. 

(2)  The  estimated  hourly  operating 
cost  for  supplementary  heaters,  shall 
be  the  product  of  (i)  the  maximum 
power  input  in  kilowatts,  determined 
according  to  2.1  of  appendix  G  of  this 
subpart,  (ii)  1  hour  of  continuous  use, 
and  (iii)  the  representative  average 
unit  cost  in  dollars  per  kilowatt-hour 
as  provided  pursuant  to  section 
323(b)(2)  of  the  Act,  the  resulting 
product  then  being  rounded  off  to  the 
nearest  0.01  dollar  per  hour. 

(3)  The  estimated  hourly  operating 
cost  for  unvented  home  heating  equip¬ 
ment  shall  be  the  product  of  (i)  the 
maximum  power  input  in  kilowatts  for 
electric  heaters,  determined  according 
to  2.1  of  appendix  G  of  this  subpart, 
(ii)  1  hour  of  continuous  use,  and  (iii) 
the  representative  average  unit  cost  in 
dollars  per  kilowatt-hour  as  provided 
pursuant  to  section  323(b)(2)  of  the 
Act,  the  resulting  product  then  being 
rounded  off  to  the  nearest  0.01  dollar 
per  hour. 

(4)  The  estimated  regional  annual 
operating  cost  for  primary  heaters, 
shall  be  the  product  of  (i)  the  regional 


annual  electric  energy  consumption  in 
kilowatt-hours  per  year  for  primary 
heaters  determined  according  to  3.2  of 
appendix  G  of  this  subpart  and  (ii)  the 
representative  average  unit  cost  in  dol¬ 
lars  per  kilowatt-hour  as  provided  pur¬ 
suant  to  section  323(b)(2)  of  the  Act, 
the  resulting  product  then  being 
rounded  off  to  the  nearest  dollar  per 
year. 

(5)  Other  useful  measures  of  energy 
consumption  for  unvented  home  heat¬ 
ing  equipment  shall  be  those  measures 
of  energy  consumption  for  unvented 
home  heating  equipment  which  the 
Secretary  of  Energy  determines  are 
likely  to  assist  consumers  in  making 
purchasing  decisions  and  which  are  de¬ 
rived  from  the  application  of  appendix 
G  of  this  subpart. 

•  *  *  •  • 

3.  Section  430.24  is  amended  by 
adding  paragraph  (g)  to  read  as  fol¬ 
lows: 

430.24  Representations  regarding  meas¬ 
ures  of  energy  consumption. 

•  •  •  •  • 

(g)  Unvented  home  heating  equip¬ 
ment  (1)  Except  as  provided  in  para¬ 
graph  (g)(3)  of  this  section,  no  manu¬ 
facturer,  distributor,  retailer,  or  pri¬ 
vate  labeler  of  unvented  home  heating 
equipment  may  make  any  representa¬ 
tion  with  respect  to  or  based  upon  a 
measure  or  measures  of  energy  con¬ 
sumption  described  in  §  430.22(g) 
unless  a  sample  of  sufficient  size  of 
each  basic  model  for  which  such  repre¬ 
sentation  is  made  has  been  tested  in 
accordance  with  applicable  provisions 
of  this  subpart  such  that  for  each 
such  measure  of  energy  consumption, 
there  is  95  percent  confidence  that  the 
true  mean  of  such  measures  of  the 
basic  model  lies  within  ±7.5  percent  of 
the  mean  of  such  measures  of  the 
sample. 

(2)  The  sample  selected  for  para¬ 
graph  (gXl)  of  this  section  shall  be 
comprised  of  units  which  are  produc¬ 
tion  units,  or  are  representative  of  pro¬ 
duction  units,  of  the  basic  model  being 
tested. 

(3)  Whenever  a  rule  applicable  to 
unvented  home  heating  equipment  is 
prescribed  under  section  324  of  the 
Act,  $  430.24(g)  shall  not  apply  to  any 
label  covered  by  such  rule,  and  all  rep¬ 
resentations  of  any  measure  of  energy 
consumption  covered  by  such  rule 
shall  be  identical  to  the  measure  of 
energy  consumption  of  the  label. 

•  •  •  •  • 

4.  Subpart  B  of  Part  430  is  amended 
to  add  an  Appendix  G,  to  read  as  fol¬ 
lows: 

Appendix  G— Uniform  Method  fob  Measur¬ 
ing  the  Energy  Consumption  op  Unvent¬ 
ed  Home  Heating  Equipment 

1.  Testing  Conditions. 


1.1  Installation. 

1.1.1  Electric  heater.  Install  heater  ac¬ 
cording  to  manufacturer’s  instructions. 
Heaters  shall  be  connected  to  an  electrical 
supply  circuit  of  a  nameplate  voltage  with  a 
wattmeter  installed  in  the  circuit.  The  watt¬ 
meter  shall  have  a  maximum  error  not 
greater  than  1  percent. 

1.2  Temperature  regulating  controls.  All 
temperature  regulating  controls  shall  be 
shorted  out  of  the  circuit  or  adjusted  so 
that  they  will  not  operate  during  the  test 
period. 

1.3  Fan  controls.  All  fan  controls  shall  be 
set  at  the  highest  fan  speed  setting. 

1.4  Ambient  temperature.  Maintain  the 
room  ambient  air  temperature  (Tr)  between 
68'  and  72'  P. 

1.5  Energy  supply. 

1.5.1  Electrical  supply.  Supply  electricity 
to  the  heater  within  1  percent  of  the  name¬ 
plate  voltage. 

1.6  Energy  flow  instrumentation.  Install 
one  or  more  wattmeters  which  measure  the 
quantity  of  electrical  energy  supplied  to  the 
heater,  with  error  no  greater  than  1  per¬ 
cent. 

2.  Test  procedures  and  measurements. 

2.1  Electric  power  measurement  Estab¬ 
lish  the  test  conditions  set  forth  in  1  of  this 
appendix.  Allow  an  electric  heater  to  warm 
up  for  at  least  5  minutes  before  recording 
the  maximum  electric  power  measurement 
from  the  wattmeter. 

2.2  Recorded  values. 

2.2.1  Record  the  test  room  temperature, 
T„  for  each  test  in  degrees  Fahrenheit. 

2.2.2  Electrical  power  valves. 

2.2.2.1  Primary  heaters,  the  maximum 
electric  power  input  (P,). 

2.2. 2. 2  Supplementary  heaters,  the  maxi¬ 
mum  electric  power  input  (Pn). 

3.  Calculation  of  Derived  Results  from 
Test  Measurements. 

3.1  Average  Annual  Electric  Energy  Con¬ 
sumption  for  Primary  Heaters. 

Calculate  the  average  annual  electric 
energy  consumption  for  primary  heaters, 
Es,  expressed  in  kilowatt-hours  per  year, 
and  defined  as: 


Fj.  =  (dosi  7n  heatin.;  rc^uir^^nt )  (2fifn  >  (C) 


where: 

2080= national  average  annual  heating 
load  hours. 

M|=1.0,  rated  full  load  efficiency  for  elec¬ 
tric  heaters. 

C=0.77,  adjustment  factor  design  heating 
requirement =PE/ 1.2. 

where: 

P*=the  maximum  power  input  of  primary 
heater,  in  kilowatts,  as  measured  in  2  of 
this  Appendix. 

1.2= oversizing  factor  corresponding  to 
heater  being  typically  20%  larger  than 
the  design  hearing  requirement. 

3.2  Average  Annual  Electric  Energy  Con¬ 
sumption  for  Primary  Heaters  by  Geo¬ 
graphic  Region  of  the  United  States.  Calcu¬ 
late  the  average  annual  electric  energy  con¬ 
sumption  by  geographic  region  of  the 
United  States,  E1Jt,  expressed  in  kilowatt- 
hours  per  year,  and  defined  as: 


Eg  (HLH)  (design  heating  requlraaent)(C) 

hE 
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design  heating  requirement  as  defined  in 
3.1;  C  as  defined  in  3.1;  and  ME  as  de¬ 
fined  in  3.1. 

tFR  Doc.  78-12461  Filed  5-9-78;  8:45  ami 


ere: 

lLH = heating  load  hours  for  a  specific  ge¬ 
ographic  region  determined  in  accord¬ 
ance  with  the  heating  load  hour  map  in 
Figure  1. 
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[3128-01] 

PART  430— ENERGY  CONSERVATION 
PROGRAM  FOR  APPLIANCES 

Test  Procedures  for  Furnaces  and 
Vented  Home  Heating  Equipment 

AGENCY:  Department  of  Energy. 
ACTION:  Final  rule. 

SUMMARY:  This  rule  prescribes  final 
test  procedures  for  furnaces  and 
vented  home  heating  equipment.  Ap¬ 
pliance  test  procedures  are  one  ele¬ 
ment  of  the  appliance  energy  efficien¬ 
cy  program  required  by  the  Energy 
Policy  and  Conservation  Act.  The 
effect  of  this  action  is  to  establish 
standard  methods  of  testing  when 
testing  is  required  by  the  Act  or  by 
regulations  implementing  other  parts 
of  the  program. 

EFFECTIVE  DATE:  June  15,  1978. 

FOR  FURTHER  INFORMATION 
CONTACT: 

James  A.  Smith  (Office  of  Conserva¬ 
tion),  Room  307,  Old  Post  Office 
Building,  12th  and  Pennsylvania 
Avenue  NW„  Washington,  D.C. 
20461,  202-566-4635. 

Jim  Mema  (Media  Relations),  Room 
3104,  Federal  Building,  12th  and 
Pennsylvania  Avenue  NW„  Washing¬ 
ton,  D.C.  20461,  292-566-9833. 
Laurence  J.  Hyman  (Office  of  Gen¬ 
eral  Counsel),  Room  7150,  Federal 
Building,  12th  and  Pennsylvania 
Avenue  NW.,  Washington,  D.C. 
20461,  202-566-9750. 

SUPPLEMENTARY  INFORMATION: 

A.  Background 

On  October  1,  1977,  pursuant  to  the 
Department  of  Energy  Organization 
Act  (DOE  Act)  (Pub.  L.  95-91),  the  De¬ 
partment  of  Energy  (DOE)  assumed 
the  authority  of  the  Federal  Energy 
Administration  (FEA)  under  the 
Energy  Policy  and  Conservation  Act 
(Act)  (Pub.  L.  94-163),  with  regard  to 
the  energy  conservation  program  for 
consumer  products.  DOE  hereby 
amends  Part  430,  Chapter  II  of  Title 
10,  Code  of  Federal  Regulations,  in 
order  to  prescribe  test  procedures  for 
furnaces  and  vented  home  heating 
equipment  pursuant  to  section  323  (42 
U.S.C.  6293)  of  the  Act.  These  test 
procedures  were  proposed  by  notice 
issued  August  11,  1977  (42  FR  40826), 
for  furnaces  and  August  31,  1977  (42 
FR  43930),  for  vented  home  heating 
equipment.  Public  hearings  on  the 
proposed  test  procedures  were  held  on 
October  4,  1977,  for  furnaces  and  on 
November  2,  1977,  for  vented  home 
heating  equipment. 

By  notice  issued  May  24,  1977  (42 
FR  27896),  DOE  established  Subparts 
A  and  B  of  T  art  430,  Chapter  II  of 


Title  10,  Code  of  Federal  Regulations. 
Certain  definitions  and  general  provi¬ 
sions  applicable  to  the  energy  conser¬ 
vation  program  for  appliances  have 
been  promulgated  in  subpart  A.  Final 
test  procedures  for  room  air  condition¬ 
ers,  dishwashers,  electric  refrigerators 
and  electric  refrigerator-freezers, 
freezers,  television  sets,  clothes  dryers, 
water  heaters,  clothes  washers,  dehu¬ 
midifiers,  humidifiers,  and  central  air 
conditioners  have  been  prescribed  in 
subpart  B.  Test  procedures  for  ranges 
and  ovens  and  unvented  home  heating 
equipment  have  been  proposed  for  in¬ 
clusion  in  subpart  B.  DOE  has  also  es¬ 
tablished  a  subpart  C  for  appliance 
energy  efficiency  improvement  tar¬ 
gets.  An  outline  of  the  provisions  of 
part  430  which  have  so  far  been  estab¬ 
lished,  including  the  provisions  in  this 
rulemaking,  is  as  follows: 

Subpart  A— General  Provisions 

Sec. 

430.1  Purpose  and  scope. 

430.2  Definitions. 

Suepart  B— Test  Procedures 

430.21  Purpose  and  scope. 

430.22  Test  procedures  for  measures  of 
energy  consumption. 

(a)  Refrigerators  and  refrigerator-freezers. 

(b)  Freezers. 

(c)  Dishwashers. 

(d)  Clothes  dryers. 

(e)  Water  heaters. 

(f)  Room  air  conditioners. 


•  •  •  •  • 

<h)  Television  sets. 


•  •  •  •  • 

(j)  Clothes  washers. 

(k)  Humidifiers. 

(l)  Dehumidifiers. 

(m)  Central  air  conditioners. 

(n)  Furnaces. 

(o)  Vented  home  heating  equipment. 

430.23  Units  to  be  tested  (reserved). 

430.24  Representations  regarding  measures 
of  energy  consumption. 

(a)  Refrigerators  and  refrigerator-freezers. 

(b)  Freezers. 

(c)  Dishwashers. 

(d)  Clothes  dryers. 

(e)  Water  heaters. 

(f)  Room  air  conditioners. 


•  •  •  •  • 

(h)  Television  sets. 


(j)  Clothes  washers. 

(k)  Humidifiers. 

(l)  Dehumidifiers. 

(m)  Central  air  conditioners. 

(n)  Furnaces. 

(o)  Vented  home  heating  equipment. 

Appendices  to  Subpart  B 

Appendix  Al— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Electric  Refrigerators  and  Electric  Refrig¬ 
erator-freezers. 


•  4  4  4  • 

Appendix  B— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Freezers 

Appendix  C— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Dishwashers 

Appendix  D— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Clothes  Dryers 

Appendix  E— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Water  Heaters 

Appendix  F— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Room  Air  Conditioners 


Appendix  H— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Television  Sets 


Appendix  J— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Clothes  Washers 

Appendix  Kl— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Central  System  Humidifiers 
Appendix  K2— Uniform  Test  Method  for 
Measuring  the  Energy  Consumption  of 
Room  Humidifiers 

Appendix  L— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Dehumidifiers 

Appendix  M— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Central  Air  Conditioners 
Appendix  N— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Furnaces 

Appendix  O— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 
Vented  Home  Heating  Equipment 

Subpart  C— Energy  Efficiency 
Improvement  Targets 

Sec. 

430.31  Purpose  and  scope. 

430.32  Energy  efficiency  improvement  tar¬ 
gets 

(a)  Refrigerators  and  refrigerator-freez¬ 
ers. 

(b)  Freezers. 

(c)  Dishwashers. 

(d)  Clothes  dryers. 

(e)  [Reserved]. 

(f)  Television  sets. 

(g)  [Reserved). 

(h)  Television  sets. 

(i)  [Reserved]. 

(j)  [Reserved]. 

(k)  Humidifiers. 

(l)  Dehumidifiers. 

(m)  Central  air  conditioners. 

B.  Discussion  of  Comments 

Comments  were  received  from  indus¬ 
try,  trade  associations  and  members  of 
the  public.  The  major  issues  raised  by 
the  comments  are  discussed  below. 

1.  BURDEN  OF  TESTING 

Several  commenters  criticized  var¬ 
ious  aspects  of  the  proposed  test  pro¬ 
cedures  as  imposing  significant  testing 
burdens  upon  the  industry. 

Several  commenters  stated  that, 
under  their  understanding  of  proposed 
sampling  provisions  430.23  (n)  and  (o). 
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the  number  of  units  to  be  tested  would 
be  large,  and  consequently  burden¬ 
some.  The  commenters  provided  exam¬ 
ples  of  the  large  number  of  units  they 
believed  would  be  required  to  be 
tested. 

While  it  is  not  clear  how  these  num¬ 
bers  were  derived,  they  appear  to 
result  from  misunderstanding  the  ap¬ 
plication  of  the  proposed  sampling 
plan.  DOE  verified  the  appropriate¬ 
ness  of  using  the  sampling  provisions 
for  furnaces  and  vented  heaters  by 
using  typical  furnace  data.  The  correct 
application  of  the  sampling  provisions 
resulted  in  sample  sizes  much  more 
reasonable  than  those  cited  by  the 
commenters. 

Also  cited  by  the  commenters  as  con¬ 
tributing  to  the  burden  of  testing  was 
the  large  number  of  basic  models  ex¬ 
isting  in  the  furnace  and  vented 
heater  industry  which  would  have  to 
be  tested.  In  an  attempt  to  reduce  the 
number  of  basic  models  to  be  tested, 
commenters  suggested  DOE  adopt  a 
definition  of  basic  model  in  which 
models  would  be  grouped  by  common 
design  characteristics.  All  units  within 
such  a  basic  model  grouping  would 
have  energy  efficiency  characteristics 
either  nearly  identical  to,  or  capable 
of  correlation  with,  each  other.  DOE 
does  not  have  sufficient  information 
to  determine  the  validity  of  such  an 
approach.  Therefore,  DOE  has  deter¬ 
mined  that  the  definition  of  basic 
model  in  the  proposed  test  procedures 
will  remain  the  same  in  the  final  rules 
described  today. 

Many  commenters  suggested  other 
alternative  sampling  plans  they  be¬ 
lieved  were  less  burdensome.  DOE  has 
weighed  these  alternative  sampling 
plans  against  the  need  for  accuracy  in 
the  determination  of  any  energy  meas¬ 
ure  and,  after  an  analysis  of  the  avail¬ 
able  statistical  and  economic  informa¬ 
tion,  DOE  has  determined  that  the 
proposed  sampling  plan  results  in  rea¬ 
sonable  accuracy  without  producing 
an  unreasonable  testing  burden. 
Therefore,  DOE  has  not  changed  the 
proposed  sampling  provision  in  the 
final  rule  issued  today. 

In  addition  to  the  large  sample  sizes 
discussed  above,  several  of  those  com¬ 
menting  cited  the  cost  and  time  of 
conducting  tests  as  contributing  sub¬ 
stantially  to  the  burden  of  testing. 
One  of  those  commenting  noted  the 
cost  of  energy  to  conduct  the  test,  due 
to  the  long  test  time,  would  itself 
become  a  significat  factor  contributing 
to  high  testing  cost. 

These  comments  have  been  consid¬ 
ered,  and  DOE  has  agreed  to  modify 
slightly  the  test  procedures  for  the 
final  rule.  The  modifications  simplify 
the  test  procedures  and  result  in  re¬ 
ducing  the  testing  time  without  reduc¬ 
ing  the  accuracy  of  the  test  results. 
DOE  believes  these  modifications,  dis¬ 
cussed  separately  in  item  5,  signifi¬ 


cantly  reduce  the  cost  of  implement¬ 
ing  the  tests. 

2.  SAMPLING  REQUIREMENTS 

Several  commenters  addressed  them¬ 
selves  to  aspects  of  the  sampling  provi¬ 
sions  contained  in  the  proposed  test 
procedures. 

The  test  procedures  prescribed 
under  section  323  of  the  Act  are  in¬ 
tended  to  be  used  throughout  the  con¬ 
sumer  products  program,  such  as  for 
labeling  under  section  324,  for  moni¬ 
toring  the  progress  of  manufacturers 
towards  meeting  the  energy  efficiency 
improvement  targets  under  section 
325,  and  for  enforcement  testing 
under  section  326. 

These  aspects  of  the  appliance  pro¬ 
gram  have  not,  however,  been  imple¬ 
mented.  It  is  quite  possible  that  the 
objectives  of  appliance  testing  under 
each  of  these  parts  of  the  program,  as 
well  as  the  instructions  as  to  how  a 
test  procedure  should  be  applied  (e.g., 
sampling  of  production  units),  may 
differ.  DOE,  the  National  Bureau  of 
Standards  (NBS)  and  the  Federal 
Trade  Commission  (FTC)  are  continu¬ 
ing  to  evaluate  the  appropriate 
method  or  methods  for  sampling  the 
units  to  be  tested  in  order  to  comply 
with  the  statute  and  satisfy  all  of  the 
different  elements  of  the  appliance 
program. 

While  the  various  parts  of  the  appli¬ 
ance  program  identified  above  are  not 
in  effect  at  this  time,  section  323(c)  of 
the  Act  provides: 

Effective  90  days  after  a  test  procedure  rule 
applicable  to  a  covered  product  is  prescribed 
under  this  section,  no  manufacturer,  distrib¬ 
utor,  retailer  or  private  labeler  may  make 
any  representation— 

(1)  in  writing  (including  a  representation 
on  a  label),  or 

(2)  in  any  broadcast  advertisement,  re¬ 
specting  the  energy  consumption  of  such 
product,  unless  such  product  has  been 
tested  in  accordance  with  such  test  proce¬ 
dure  and  such  representation  fairly  dis¬ 
closes  the  results  of  such  testing. 

In  order  to  eliminate  some  of  the 
difficulties  associated  with  a  general 
sampling  provision,  section  430.23, 
which  is  concerned  with  the  number 
of  units  to  be  tested,  has  been  reserved 
in  the  final  test  procedures.  Also,  sam¬ 
pling  requirements  which  apply  only 
for  purposes  of  advertising  furnaces 
and  vented  heaters  have  been  reorga¬ 
nized  into  §§  430.24  (n)  and  (o)  of  the 
final  test  procedures.  Sections  430.24 
(n)  and  (o)  have  been  revised  slightly 
from  proposed  §§430.23  (n)  and  (o). 
Most  notably,  the  units  tested  may 
now  be  representative  of  production 
units  as  well  as  actual  production 
units.  This  change  is  intended  to 
reduce  any  burden  which  might  be 
caused  by  requiring  post-production 
rating  of  basic  models  in  every  in¬ 
stance  of  testing  pursuant  to  section 
323(c)  of  the  Act.  Until  a  labeling  rule 


has  been  implemented  pursuant  to 
section  324,  manufacturers  are  not  re¬ 
quired  to  test  unless  they  choose  to 
make  representations  regarding  a 
measure  of  energy  consumption  identi¬ 
fied  in  or  based  upon  §§430.22  (n)  or 
(o).  It  should  also  be  emphasized  that 
the  test  procedures  prescribed  today 
apply  only  to  the  initial  rating  of  a 
basic  model  where  representations 
under  §§430.24  (n)  and  (o)  are  con¬ 
cerned. 

Comments  pertaining  to  several  pro¬ 
posed  test  procedures  criticized  the 
language  of  the  proposed  sampling 
provisions  for  incorrectly  relating  the 
sample  mean  and  the  true  mean.  DOE 
has  corrected  the  language  to  relate 
the  two  means  properly.  Specifically, 
there  is  to  be  at  least  95  percent  confi¬ 
dence  that  the  true  mean  of  any  meas¬ 
ure  of  the  basic  model  lies  within  ±5 
percent  of  the  mean  of  such  measures 
of  the  sample. 

3.  TEST  PROCEDURE  SCOPE 

Several  commenters  stated  that  the 
proposed  test  procedures  did  not  con¬ 
sider  all  relevant  factors.  Others 
stated  the  test  procedures  did  not  ac¬ 
curately  characterize  the  factors  they 
did  consider. 

The  test  procedures  incorporate  a 
heat  loss  method  in  which  the  sensible 
and  latent  heat  losses  through  the 
stack  and  flue  are  determined.  Since 
these  losses  will  depend  on  such  fac¬ 
tors  as  load,  cycling  rate,  chimney 
height,  oversizing,  the  type  of  draft 
control  device,  the  infiltration  charac¬ 
teristics  of  the  residence  and  the 
weather  profile,  it  is  desirable  to  meas¬ 
ure  in  the  laboratory  the  qualities 
which  characterize  the  performance  of 
a  furnace  or  boiler  under  standardized 
conditions  to  provide  the  best  predic¬ 
tion  of  its  performance  under  field 
conditions.  The  furnaces  and  vented 
heater  test  procedures  prescribed 
today  evaluate  the  unit  plus  any  vent 
system  component,  or  other  auxiliary 
equipment  essential  to  the  perform¬ 
ance  of  the  unit,  that  accompanies  it 
when  it  is  distributed  in  commerce. 

Under  these  procedures,  testing  is 
done  only  on  new  units  and  estimated 
annual  operating  costs  refer  only  to 
the  product’s  efficiency  and  perform¬ 
ance  under  laboratory  conditions. 
Annual  maintenance  costs,  product  re¬ 
liability  and  other  factors  contributing 
to  estimates  of  life  cycle  costs  are  not 
included. 

One  of  those  commenting  stated 
that  the  proposed  test  procedures  for 
furnaces  could  not  serve  as  a  reliable 
guide  to  the  energy  efficiency  of  heat¬ 
ing  systems  unless  it  considered  the 
entire  heating  system,  including  the 
smoke  pipe  and  chimney.  This  individ¬ 
ual  stated  that  a  significant  energy 
savings  potential  is  available  by  im¬ 
proving  heat  recovery  in  the  smoke 
pipe  and  chimney.  DOE  agrees  that 
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there  Is  some  energy  savings  opportu¬ 
nity  in  this  area  but  considers  it  unfea¬ 
sible  in  the  test  procedure  to  credit  ac¬ 
curately  smoke  pipe  and  chimney  heat 
recovery  to  a  furnace  system  consider¬ 
ing  the  multitude  of  installation  ar¬ 
rangements  encountered  in  the  field. 

This  individual  also  suggested  the 
proposed  test  procedures  be  expanded 
to  allow  flexibility  in  the  determina¬ 
tion  of  the  draft  factors.  He  believed 
credit  should  be  given  in  the  test  pro¬ 
cedures  to  devices  that  restrict  stack 
flow,  thereby  improving  the  efficiency 
of  the  heating  system.  DOE  believes  it 
is  inappropriate  at  this  time  to  give 
credit  to  a  device  that  restricts  stack 
flow  when  there  is  a  possibility  the 
furnace  will  be  installed  with  a  stack 
system  that  is  sized  such  that  the 
heating  system  will  receive  little  or  no 
benefit  from  the  device.  Furthermore, 
such  a  device  is  not  within  the  scope 
of  these  procedures  because  it  would 
not  accompany  the  furnace  when  it  is 
distributed  in  commerce. 

Other  commenters  believed  the  pro¬ 
posed  test  procedures  for  furnaces 
were  too  limited  because  they  did  not 
include  credits  for  night  setback  and 
zone  control  in  estimating  annual  op¬ 
erating  costs.  DOE  has  determined 
these  items  should  not  be  directly  ad¬ 
dressed  in  the  furnace  and  vented 
heater  test  procedures  because  data  is 
unavailable  at  this  time  to  determine 
typical  consumer  usage  patterns. 

Finally,  commenters  stated  the  pro¬ 
posed  definition  of  “furnace”  was  too 
broadly  drafted.  They  stated  that  the 
proposed  definition,  by  including  in  its 
scope  units  with  hourly  heat  input 
rates  of  up  to  400,000  British  thermal 
units  (Btu’s)  for  furnaces  and  boilers, 
did  not  accurately  represent  the  resi¬ 
dential  furnace  market  and  that  a  sub¬ 
stantial  number  of  units  manufac¬ 
tured  for  commercial  purposes  were 
being  incorrectly  included  in  these  test 
procedures.  It  was  suggested  that  the 
limit  be  reduced  to  175,000  Btu’s  per 
hour  for  gas  furnaces  and  225,000 
Btu’s  per  hour  for  oil  furnaces. 

As  a  result  of  these  comments  DOE 
has  made  an  analysis  of  the  residential 
furnace  market  and  has  determined 
that  a  reduction  of  the  upper  limit  of 
input  rate  is  warranted.  DOE  has  also 
determined  it  appropriate  to  separate 
the  upper  limits  for  furnaces  from 
those  for  boilers,  but  not  for  different 
types  of  fuel.  The  upper  limits  pre¬ 
scribed  in  the  final  rule  are  300,000 
Btu’s  per  hour  for  boilers  and  225,000 
Btu’s  per  hour  for  furnaces. 

4.  ESTIMATED  ANNUAL  OPERATING  COSTS 

Many  of  those  commenting  raised 
questions  regarding  accuracy  and  use¬ 
fulness  of  the  estimated  annual  oper¬ 
ating  costs  to  be  derived  from  the  test 
procedures.  These  questions  concerned 
the  effects  of  variations  in  heating 
season  and  energy  costs  across  the 


country,  variations  due  to  the  type  of 
home  construction,  temperature  con¬ 
trols  (zone  control,  night  setback  and 
consumer  preferences),  and  overesti¬ 
mation  of  the  average  number  of  heat¬ 
ing  load  hours  in  a  season  from  the 
use  of  65'  F  as  a  balance  point  tem¬ 
perature  for  degree  day  computations. 
Usefulness  of  estimated  annual  oper¬ 
ating  costs  to  the  consumer  was  also 
criticized  on  the  basis  that  equipment 
selection  is  usually  made  by  builders 
or  heating  system  contractors  and  not 
by  the  consumer. 

DOE  agrees  these  factors  can  have 
an  effect  on  how  closely  annual  oper¬ 
ating  costs  derived  from  these  test  pro¬ 
cedures  approximate  the  costs  of 
actual  operation.  The  test  procedures 
have  been  designed  to  evaluate  the 
energy  efficiency  and  typical  cost  of 
operation  of  a  furnace  or  vented 
heater  during  a  representative  average 
use  cycle  rather  than  the  actual  oper¬ 
ating  cost  of  a  specific  furnace  in  a 
specific  application.  The  primary  pur¬ 
pose  of  the  estimated  annual  operat¬ 
ing  costs  derived  from  the  test  proce¬ 
dures  is  to  provide  a  basis  for  compar¬ 
ing  the  efficiency  levels  of  different 
heating  systems  when  operating  under 
a  typical  usage  pattern.  This  compari¬ 
son  should  be  useful  both  to  consum¬ 
ers  and  to  builders  or  contractors  sell¬ 
ing  homes  to  consumers  conscious  of 
energy  costs. 

In  addition,  several  commenters  sug¬ 
gested  a  change  in  the  outdoor  bal¬ 
ance  point  temperature  (currently  65° 
F)  used  in  the  test  procedures.  DOE  is 
aware  of  the  fact  that  the  use  of  65°  F 
as  a  balance  point  temperature  may 
not  represent  current  house  construc¬ 
tion  techniques  and  the  trend  toward 
reducing  residential  infiltration  rates. 
However,  changing  the  balance  point 
temperature  would  require  an  exten¬ 
sive  and  lengthy  analysis  and,  until 
such  data  is  available,  DOE  has  deter¬ 
mined  that  the  existing  standard  prac¬ 
tice  of  using  65°  F  as  a  base  tempera¬ 
ture  will  be  used  in  these  test  proce¬ 
dures. 

5.  STEADY  STATE,  HEAT-UP,  AND  COOL¬ 
DOWN  TESTING  PROCEDURES  (FLUE  AND 
STACK  REQUIREMENTS) 

A  commenter  suggested  an  improved 
method  of  measuring  the  steady  state 
efficiency  as  well  as  the  heat-up  and 
cool-down  temperature.  It  was  suggest¬ 
ed  that  this  be  used  for  gas  and  oil 
fueled  furnaces,  boilers,  and  vented 
heaters. 

This  procedure  claimed  to  improve 
the  DOE  proposed  procedures  in  the 
following  respects: 

A  single  stack  procedure,  instead  of  a  5 
foot  stack  for  steady  state  tests  and 
a  2  foot  stack  for  heat-up  and  cool¬ 
down  tests  as  proposed  by  DOE, 
would  be  easier  to  conduct  because  it 
would  not  require  a  shutdown  and 


restart  of  the  furnace  for  removal  of 
the  5-foot  stack  and  replacement 
with  the  2-foot  stack. 

Standardizing  the  stack  height  at  a 
constant  5  feet,  instead  of  using  a 
length  whose  top  is  5  feet  6  inches 
above  the  highest  point  of  the  draft 
hood  relief  opening  as  originally  pro¬ 
posed,  would  make  it  possible  to  use 
the  same  stack  on  all  appliances 
with  the  same  draft  hood  outlet  size. 
The  5-foot  stack  would  be  more  repre¬ 
sentative  of  stack  heights  in  the 
field  than  the  2-foot  stack  used  in 
the  proposed  test  procedures  for 
heat-up  and  cool-down  temperature 
measurements. 

The  use  of  a  thermocouple  grid  on 
nine  thermocouples  rather  than  a 
single  thermocouple  would  be  more 
accurate  for  the  Heat-up  and  cool¬ 
down  test. 

As  a  result  of  NBS’  evaluation  and 
recommendation,  modifications  based 
on  part  of  the  procedures  suggested  by 
the  commenter  have  been  incorporat¬ 
ed  and  are  now  a  part  of  the  final  test 
procedures  prescribed  today.  The 
modified  steady  state  portion  of  the 
suggested  procedures  has  not  been  ac¬ 
cepted  because  it  would  allow  heat 
transfer  from  the  flue  gases  to  the 
conditioned  air  in  a  manner  that  is  not 
representative  of  normal  operation 
(i.e..  with  the  draft  hood  open).  The 
suggested  5-foot  stack  has  been  adopt¬ 
ed  and  the  proposed  2-foot  stack  has 
been  eliminated.  Also,  the  location  of 
the  thermocouples  for  measuring 
stack  temperature  in  the  steady  state 
test  has  been  made  common  with  the 
location  for  heat-up  and  cool-down 
tests.  These  changes  have  eliminated 
the  nejd  to  replace  the  5-foct  stack 
with  a  2-foot  flue  pipe,  and  reduced 
the  testing  time  from  that  required  by 
the  procedures  as  proposed. 

The  suggested  method  of  achieving 
identical  CO,  levels  upstream  of  dilu¬ 
tion,  through  restricting  the  stack 
outlet  during  the  heat-up  and  cool¬ 
down  tests,  has  been  incorporated  into 
the  test  procedures  for  units  with  inte¬ 
gral  draft  diverters. 

The  use  of  nine  parallel,  connected 
thermocouples,  instead  of  one  central¬ 
ly  located  thermocouple,  has  also  been 
accepted. 

It  was  also  suggested  that  all  tem¬ 
perature  and  CO,  measurements  be 
made  downstream  of  the  draft  control 
device.  However,  due  to  possible  cool¬ 
ing  and  dilution  of  the  flue  gases, 
DOE  considered  it  preferable  to  meas¬ 
ure  temperature  and  CO,  concentra¬ 
tion  upstream  of  dilution  whenever 
possible.  In  furnaces  or  vented  heaters 
with  a  common  flue  gas  collection 
point,  this  presents  no  problem.  Flue 
gases  of  such  furnaces  and  vented 
heaters  are  now  measured  upstream  of 
dilution  and  with  a  5-foot  stack  pipe 
rather  than  the  2-foot  flue  pipe  as  pro¬ 
posed.  Units  with  integral  draft  di- 
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verters,  however,  typically  have  no 
common  collection  point.  To  measure 
flue  gases  upstream  of  dilution,  one 
must  therefore  simulate  a  flue  by  seal¬ 
ing  the  draft  diverter  and  restricting 
the  stack  to  reduce  air  flow'.  Thus,  for 
furnaces  and  vented  heaters  with  inte¬ 
gral  draft  diverters,  DOE  has  accepted 
the  suggestions  of  these  commenters 
and  appropriately  modified  the  test 
procedures.  Also,  instructions  have 
been  incorporated  into  section  2.6  of 
appendix  N  and  O  to  insure  that  radi¬ 
ation  shields  be  used  on  the  thermo¬ 
couples  where  radiation  may  be  a 
problem. 

8.  DESIGN  HEATING  REQUIREMENT  FOR 
ELECTRIC  FURNACES 

The  proposed  test  procedures  con¬ 
tained  a  constant,  0.5,  as  the  typical 
ratio  of  steady  state  efficiency  to  100 
times  the  average  furnace  sizing  factor 
(assumed  to  be  1.7).  The  constant  was 
criticized  by  commenters  as  oversim¬ 
plifying  the  ratios  for  different  catego¬ 
ries  of  furnaces  and  vented  heaters. 
DOE  agrees  and  has  removed  this  con¬ 
stant,  0.5,  from  the  test  procedures. 
The  calculation  employing  the  con¬ 
stant  has  been  replaced  by  a  calcula¬ 
tion  of  typical  design  heating  require¬ 
ment  based  upon  a  common  table  now 
incorporated  into  the  final  rule  for 
electric,  gas  or  oil  fueled  furnaces, 
boilers,  or  vented  heaters  for  various 
output  capacities.  The  output  capacity 
is  now  a  specified  part  of  the  test  pro¬ 
cedures. 

7.  TEST  ROOM  AIR  TEMPERATURE 

Several  comments  were  received  re¬ 
garding  the  proposed  limitation  of  65° 
to  75°  F  on  test  room  air  temperature. 
These  comments  expressed  concern 
that  this  limitation  would  require 
equipment  to  air-condition  the  test  lab 
at  substantial  cost.  One  of  those  com¬ 
menting  estimated  that  an  initial  in¬ 
vestment  of  $60,000  would  be  required 
to  air-condition  a  typical  test  facility. 
Several  recommendations  suggested 
wider  ranges  of  test  room  air  tempera¬ 
tures  be  allowed.  NBS  evaluated  the 
impact  that  such  a  change  would 
make  on  test  data  and  determined 
that  enlarging  the  allowable  range 
would  have  a  negligible  effect  on  test 
results  if  the  data  w'as  mathematically 
corrected  to  a  standard  ambient  air 
temperature.  Therefore,  a  provision 
has  been  added  to  section  4  of  Appen¬ 
dices  N  and  O  that  allows  a  test  room 
air  temperature  range  of  65°  to  100°  F, 
with  a  correction  factor  to  be  applied 
in  the  calculation  procedure  adjusting 
the  test  results  to  a  standard  ambient 
temperature  of  70°  F. 

8.  BURNER  AIR  SHUTTER  ADJUSTMENTS 

Comments  were  directed  at  the  pro¬ 
posed  method  of  adjusting  the  air 
shutter  of  gas  burners  at  their  maxi¬ 


mum  setting  prior  to  testing.  The  rec¬ 
ommendation  was  that  burners  be  ad¬ 
justed  in  accordance  with  the  manu¬ 
facturer’s  instructions  to  avoid  im¬ 
proper  operation  such  as  poor  combus¬ 
tion,  slow  ignition,  lifting  flames,  etc. 
DOE  has  reviewed  this  suggestion  and 
agrees  the  manufacturer’s  recom¬ 
mended  adjustment  is  appropriate. 
The  test  procedure  has  been  changed 
to  incorporate  this  recommendation. 

9.  BOILER  WATER  FLOW  ADJUSTMENTS 

Comments  noted  that  the  proposed 
sections  2.5.4  and  2.5.5  for  adjusting 
the  water  flow  rate  were  inconsistent. 
These  proposed  sections  referenced 
different  ANSI  standards  for  gas  and 
oil  fueled  boilers,  which  used  different 
outlet  water  temperatures.  The  test 
procedures  have  been  changed  to 
make  the  outlet  water  temperature  ad¬ 
justment  proposed  for  oil  fueled 
equipment  the  adjustment  for  gas  and 
electric  equipment  as  well.  Comments 
also  noted  that  test  conditions  were 
not  specified  for  oil  fueled  steam  boil¬ 
ers.  A  steam  boiler  adjustment  setting 
for  steam  pressure  has  now  been  speci¬ 
fied  in  section  2.5.4. 

10.  HEATING  CAPACITY  RATING 

A  suggestion  was  made  that  the  test 
procedures  include  a  definition  of 
heating  capacity  as  the  product  of  the 
measured  steady  state  efficiency  and 
the  input  to  the  appliance.  This  sug¬ 
gestion  has  been  accepted  and  incorpo¬ 
rated  in  the  test  procedures. 

11.  STEADY  STATE  CALCULATIONS  FOR 
FLUE  LOSS 

A  comment  stated  that  flue  losses 
calculated  by  the  DOE  procedures  do 
not  agree  closely  with  those  used  and 
accepted  as  established  industry  prac¬ 
tices  for  natural  gas  and,  in  particular, 
the  methods  employed  by  American 
Gas  Association  Laboratories  (AQA 
Labs).  NBS  investigated  these  prac¬ 
tices  and  recommended  several 
changes  to  the  assigned  values  of  stoi¬ 
chiometric  air  to  fuel  ratio  (A/F)  in 
table  3,  used  to  calculate  flue  losses,  to 
represent  typical  properties  of  natural 
gases  being  distributed  in  the  field. 
DOE  has  adopted  this  change  in  order 
to  obtain  closer  agreement  with  exist¬ 
ing  methods. 

12.  EFFECTIVENESS  OF  STACK  (OR  FLUE) 
DAMPERS 

A  comment  was  made  that  calcula¬ 
tions  used  to  predict  savings  associated 
with  the  use  of  stack  (or  flue)  dampers 
did  not  appear  to  reflect  adequately 
boundary  layer  flow  effects.  It  was 
claimed  that  the  factor  D0,  which  is 
derived  from  the  percentage  of  open 
area  in  the  stack  or  flue,  did  not  take 
into  account  the  location  and  shape  of 
that  open  area  (i.e.,  an  open  area  in 
the  center  of  the  damper  plate  as  op¬ 


posed  to  a  space  around  the  outside 
edge  when  the  damper  is  closed).  This 
comment  predicted  that  stack  (or  flue) 
dampers  would  not  be  properly  evalu¬ 
ated  by  the  proposed  calculation  for 
D0  in  section  4.3. 

NBS  has  investigated  the  effects  of 
boundary  layer  flow  by  testing  various 
dampers.  The  results  of  these  tests 
showed  that  the  equation  as  proposed 
was  sufficient  to  measure  accurately 
stack  (or  flue)  damper  effectiveness. 
However,  as  a  result  of  this  investiga¬ 
tion,  the  equation  In  section  4.3  has 
been  changed  from  that  proposed  to 
correct  a  discontinuity  of  the  curve  at 
Ad/A„=0.59.  As  a  result  of  this  change, 
the  discontinuity  is  no  longer  present, 
and  calculated  values  of  De  are  now 
available  for  all  ratios  of  AD/AS. 

Another  commenter  stated  that  the 
proposed  test  procedures  indicated 
that  a  furnace  equipped  with  a  stack 
(or  flue)  damper,  which  when  closed 
has  an  effective  area  of  80  percent  or 
less,  will  use  more  energy  than  a  fur¬ 
nace  or  vented  heater  without  a  stack 
(or  flue)  damper.  The  commenter  be¬ 
lieved  this  was  incorrect.  DOE  agrees 
and  has  eliminated  the  draft  factor  in 
the  equations  for  determining  effec¬ 
tive  flue  temperatures  if  the  factor  ex¬ 
ceeds  unity. 

13.  STACK  (OR  FLUE)  DAMPER  OPERATION 
DURING  THE  COOL-DOWN  TEST 

In  the  proposed  rule,  to  evaluate  the 
unit’s  fuel  utilization  efficiency,  direct 
vent  systems  equipped  with  a  flue 
damper  were  to  be  tested  with  the 
device  in  place  and  closed  during  the 
cool-down  portion  of  the  test,  while 
nondirect  vent  units  that  utilize  a 
stack  damper  were  to  have  a  calcula¬ 
tion  rather  than  a  test.  This  procedure 
was  criticized  as  inconsistent. 

This  apparent  inconsistency  is  ex¬ 
plained  by  considering  the  importance 
of  measuring  flue  gas  temperatures. 
On  furnaces  with  a  stack  (or  flue) 
damper  it  is  more  representative  of 
normal  operation  if  the  stack  (or  flue) 
damper  is  in  place  and  closed  during 
the  cool-down  test.  Therefore,  DOE 
has  retained  this  method  in  the  test 
procedures  wherever  possible.  Howev¬ 
er,  this  method  is  possible  only  on  a 
direct  vent  unit  with  a  flue  damper  or 
a  unit  with  a  stack  damper  and  baro¬ 
metric  draft  regulator.  Units  equipped 
with  ant  integral  draft  diverter  or  a 
draft  hood  have  these  draft  relief  de¬ 
vices  sealed  during  the  cooled-down 
test  to  measure  accurately  flue  gas 
temperature  and  CO.  as  discussed  in 
item  5.  However,  this  procedure  of 
blocking  the  draft  relief  devices  does 
not  allow  the  heat  trapped  by  the 
stack  damper  to  spill  into  the  room  as 
it  normally  would  in  the  home.  There¬ 
fore,  to  account  for  this  effect  on 
these  units  the  procedures  contain  an 
additional  correction  factor  to  evalu¬ 
ate  damper  effectiveness. 
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14.  EFFICIENCY  DEGRADATION  OF  OIL 
FUELED  FURNACES 

In  one  comment  it  was  Indicated 
that  soot  build-up  occurs  in  normal  op¬ 
eration  of  most  oil  burning  furnaces  in 
the  field  which,  in  turn,  causes  a  re¬ 
duction  of  the  fuel  utilization  efficien¬ 
cy  of  those  furnaces.  It  was  requested 
that  the  test  procedures  incorporate  a 
measurement  of  fuel  utilization  effi¬ 
ciency  under  conditions  representative 
of  the  soot  build-up  during  typical 
usage. 

DOE  has  been  unable  to  determine  a 
representative  condition  of  soot  build¬ 
up  given  the  variations  in  maintenance 
to  which  any  furnace  or  vented  heater 
may  be  exposed.  As  a  result,  DOE  has 
determined  that  the  test  procedures 
prescribed  today  should  be  used  to  test 
new  units  only. 

It  was  also  suggested  that  the  cost  of 
annual  maintenance,  such  as  removing 
soot  build-up,  be  a  component  of  the 
estimated  annual  operating  cost.  The 
term  “estimated  annual  operating 
cost”  is  defined  in  the  Act  as  “the  ag¬ 
gregate  retail  cost  of  the  energy  which 
is  likely  to  be  consumed  annually  in 
representative  use  of  a  consumer  prod¬ 
uct.”  Therefore,  the  annual  cost  of 
maintenance  does  not  fall  within  the 
definition  of  “estimated  annual  oper¬ 
ating  costs,”  and  is  not  included  in  the 
final  rule  prescribed  today. 

15.  STACK  (OR  FLUE)  DAMPERS  ON  OUT¬ 
DOOR  FURNACES,  BOILERS,  OR  VENTED 

HEATERS 

One  comment  stated  the  proposed 
test  procedures  would  show  greater 
energy  savings  for  the  use  of  a  stack 
damper  on  outdoor  furnaces  than  on 
indoor  furnaces,  a  result  he  believed 
inconsistent  with  known  data. 

In  practice,  a  stack  damper  on  out¬ 
door  equipment  does  not  result  in  an 
energy  savings  since  all  heat  trapped 
by  the  damper  is  discharged  through 
the  draft  relief  openings  to  the  out¬ 
doors.  The  test  procedures  for  fur¬ 
naces  and  vented  heaters  intended  for 
installation  outdoors  or  in  unheated 
areas,  such  as  attics  or  crawl  spaces, 
specify  a  D0  factor  only  for  flue 
dampers.  A  flue  damper  is  the  only 
type  of  damper  that  saves  energy  on 
outdoor  units  since  heat  can  be 
trapped  in  the  heat  exchanger  on  the 
furnace  side  of  the  draft  relief  device. 
This  savings  is  correctly  accounted  for 
in  the  test  procedures. 

16.  BLOCKING  THE  SOURCE  OF 
COMBUSTION  AIR 

One  commenter  stated  that  follow¬ 
ing  the  procedures  for  outdoor  instal¬ 
lation  resulted  in  blocking  off  the  air 
intake.  To  avoid  the  possibility,  a  cau¬ 
tionary  statement  has  been  added  to 
section  2.2.3  stating:  “care  should  be 
taken  not  to  block  the  air  intake  with 
insulation.” 


1 7.  ENERGY  SAVINGS  DUE  TO  ELECTRIC- 
IGNITION 

According  to  some  commenters,  the 
proposed  test  procedures  failed  to  re¬ 
flect  accurately  the  energy  savings 
available  by  using  electric-ignition  de¬ 
vices.  NBS  investigated  this  claim  and 
determined  that  a  modification  to  the 
calculation  procedure  was  necessary  to 
produce  more  realistic  values.  This  has 
been  accomplished  by  including  a  cor¬ 
rection  factor  in  the  calculation  of 
CT.opr  in  section  4.2.23  for  furnaces  and 
section  4.1.23  for  vented  heaters. 

18.  EFFICIENCIES  AT  REDUCED  FIRING 
RATES 

One  commenter  suggested  DOE  fur¬ 
ther  evaluate  the  assumption  that  a 
furnace  with  a  reduced  firing  rate  will 
have  the  same  efficiency  at  both  re¬ 
duced  and  full  firing  rates.  He  suggest¬ 
ed  efficiencies  are  generally  lower  at 
reduced  firing  rates. 

DOE  has  determined  that  conven¬ 
tional  reduced  firing  rate  furnaces 
have  lower  steady  state  efficiencies  at 
the  reduced  firing  rate  since  the  inlet 
air  openings,  sized  for  the  full  firing 
rate,  provide  large  amounts  of  excess 
air.  However,  when  considering  sea¬ 
sonal  efficiency,  the  effect  of  reduced 
steady  state  efficiency  at  the  reduced 
firing  rate  is  offset  by  reduced  cycling. 
Consequently,  even  though  the  test 
procedures  do  not  directly  account  for 
the  lower  steady  state  efficiency  at  re¬ 
duced  firing  rates,  they  do  correctly 
predict  the  seasonal  efficiency  of  the 
conventional  reduced  firing  rate  fur¬ 
nace. 

19.  CONSTANT  PART  LOAD  UTILIZATION 
EFFICIENCIES 

Commenters  also  suggested  DOE 
further  evaluate  the  assumption  that 
part  load  utilization  efficiency  is  con¬ 
stant  for  all  climatic  conditions  in  all 
parts  of  the  country.  NBS  performed 
an  evaluation  of  this  assumption  prior 
to  the  issuance  of  the  proposed  test 
procedures.  The  same  furnace  or 
vented  heater  will  have  different  rep¬ 
resentative  part  loads  in  different 
parts  of  the  country.  However,  these 
differences  were  not  found  to  be  of  a 
magnitude  requiring  expanded  test 
procedures  to  determine  a  regional 
annual  utilization  efficiency.  The  effi¬ 
ciency,  as  now  determined,  uses  a  one 
temperature  “bin”  approach  to  calcu¬ 
late  the  representative  part  load  for 
furnaces  or  vented  heaters  in  each 
region  of  the  United  States  during  one 
heating  season.  A  multitemperature 
“bin”  approach  would  be  needed  to 
provide  a  more  exact  regionalized  test 
procedure.  NBS  considered  a  six  tem¬ 
perature  “bin”  method  and  found  the 
additional  .incremental  accuracy  did 
not  warrant  the  more  lengthy  calcula¬ 
tion  procedure. 


30.  SPECIFIED  FUEL  CHARACTERISTICS 

At  the  public  hearing,  it  was  suggest¬ 
ed  the  tolerances  for  natural  gas  as 
specified  for  testing  (i.e.,  higher  heat 
value  equal  to  1,025  Btu’s  per  cubic 
foot,  ±5  percent)  be  deleted  and  that 
whatever  pipeline  gas  is  distributed  to 
be  used  for  the  test  gas. 

The  higher  heating  value  of  natural 
gas  varies  for  many  parts  of  the  coun¬ 
try  depending  on  the  source  of  the 
natural  gas.  Also,  in  winter  many  com¬ 
panies  “peak  shave;”  that  is,  in  periods 
of  high  demand,  the  natural  gas  deliv¬ 
ered  to  customers  is  supplemented  by 
mixing  it  with  propane  gas.  Conse¬ 
quently,  during  periods  of  high 
demand  (i.e.,  cold  weather)  the  heat¬ 
ing  value  and  specific  gravity  of  the 
distributed  gas  can  vary. 

The  ±5  percent  tolerance  on  higher 
heating  value  for  all  test  gases  is  speci¬ 
fied  because  the  constants  used  for  de¬ 
termining  steady  state  flue  loss,  A/P 
(stoichiometric  air  to  fuel  ratio),  and 
Ll.a  (latent  heat  loss),  are  dependent 
on  maintaining  the  test  gases  within 
the  specified  tolerances.  In  these  test 
procedures  it  is  necessary  both  to  limit 
the  variation  of  the  specific  heating 
value  of  the  fuel  and  to  measure  the 
actual  value  with  an  accuracy  of  1  per¬ 
cent.  Thus,  the  test  procedures  pre¬ 
scribed  today  retain  the  tolerances  for 
natural  gas  originally  specified. 

21.  WATER  PUMP  ENERGY  MEASUREMENT 

Section  3.1.6  required  pump  energy 
(PE)  to  be  measured.  Comments  noted 
that  due  to  the  variety  of  piping  ar¬ 
rangements  that  can  be  attached  to  a 
boiler  in  the  field,  the  PE  consump¬ 
tion  can  differ  considerably  from  one 
installation  to  another.  It  was  recom¬ 
mended  that  a  typical  electric  power 
rating  be  used  for  the  calculation  in¬ 
stead  of  a  laboratory  measurement. 
NBS  recommended  a  typical  rating  of 
0.13  kW  which  has  now  been  incorpo¬ 
rated  into  section  3.1.2  of  appendix  N. 

22.  OIL  BURNER  ADJUSTMENTS 

Section  2.4.2  specified  that  oil 
burners  be  adjusted  to  give  the  best 
CO*  reading.  Comment  was  received 
that  this  was  not  a  realistic  setting  for 
boiler  burners.  It  was  further  noted 
that  boilers  are  sold  in  two  basic  ways: 
as  bare  boilers  to  be  equipped  with 
any  oil  burner  available  in  the  field  (as 
decided  by  the  customer  or  the  install¬ 
ing  contractor),  or  as  a  boiler-burner 
unit  incorporating  a  flame  retention 
burner  matched  to  the  boiler  by  the 
manufacturer.  According  to  the  com¬ 
ment,  boilers  in  both  categories  are 
rated  by  the  manufacturer  in  terms  of 
CO*  adjustment  which  is  10  percent 
for  the  bare  boiler  and  12  percent  for 
the  boiler  with  the  burner  as  part  of 
the  package.  It  was  stated  there  are  oil 
burners  available  that  can  produce  13 
percent  to  14  percent  CO.  in  the  labo- 
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ratory.  However,  such  values  cannot 
be  obtained  in  practice  since  a  margin 
must  be  allowed  for  safety  to  cover 
daily  variations  in  available  draft,  air 
density,  etc. 

To  better  represent  the  field  in¬ 
stalled  condition,  the  statement  direct¬ 
ing  the  tester  to  adjust  the  unit  to  the 
“best"  CO*  has  been  changed  to  direct 
him  to  adjust  the  unit  to  the  CO* 
reading  recommended  by  the  manu¬ 
facturer.  Additionally,  the  specifica¬ 
tion  for  smoke  has  been  changed  from 
a  No.  2  to  a  No.  1  smoke  adjustment  to 
better  represent  field  conditions. 

The  statement,  "adjust  to  the  manu¬ 
facturers  COt  recommendation”  is  not 
intended  to  limit  the  CO*  to  10  percent 
or  12  percent.  If  a  higher  CO*  level  is 
possible  while  achieving  the  prescribed 
smoke  setting,  then  that  adjustment  is 
permissible  if  the  manufacturer  nor¬ 
mally  recommends  it  for  field  adjust¬ 
ment.  In  any  case,  the  No.  1  smoke  set¬ 
ting  governs  burner  adjustment  irre¬ 
spective  of  the  manufacturer’s  CO* 
recommendations. 

23.  BURNER  OPERATING  HOURS 

Comments  were  made  that  the 
number  of  burner  operating  hours  pre¬ 
dicted  by  the  proposed  test  procedures 
was  greater  than  the  actual  number  of 
burner  operating  hours  of  furnaces  in 
the  field. 

The  calculation  for  burner  operating 
hours  is  based  on  an  average  or  typical 
design  heating  requirement  and  the 
average  or  typical  heating  load  hours. 
The  design  heating  requirement  is  de¬ 
termined  in  the  test  procedures  using 
a  value  of  output  capacity  (Qout)  for  a 
particular  furnace  or  vented  heater. 
The  heating  load  hours  are  deter¬ 
mined  using  the  standard  65°  P  base. 
These  determinations  do  not  fully  ac¬ 
count  for  internal  loads  and  the  dy¬ 
namic  nature  of  the  heating  flow  of 
the  structure.  As  a  consequence,  the 
design  heating  requirements  and  heat 
load  hours  determined  by  these  calcu¬ 
lations  tend  to  be  larger  than  the 
actual  heating  loads  required  to  be 
met  by  the  heating  appliances  and, 
therefore,  the  burner  operating  hours 
and  the  annual  energy  consumption 
are  over-estimated.  NBS  has  reviewed 
much  of  the  technical  information 
available  on  this  subject;  in  particular, 
the  information  published  by  the 
American  Society  of  Heating,  Refrig¬ 
eration,  and  Air  Conditioning  Engi¬ 
neers  (ASHRAE).  DOE  has  adopted 
the  NBS  recommendation  of  including 
a  constant  adjustment  factor  in  the 
furnace,  vented  heaters  and  unvented 
heater  test  procedures.  This  adjust¬ 
ment  factor  will  improve  the  agree¬ 
ment  between  the  average  calculated 
operating  cost  and  the  actual  cost  in¬ 
curred  by  the  consumer. 

After  reviewing  data,  NBS  recom¬ 
mended,  and  DOE  accepted  the  value 
of  0.77  as  the  adjustment  factor.  This 


is  applied  in  the  determination  of 
burner  operating  hours  for  fossil 
fueled  units  and  in  the  determination 
of  annual  energy  consumption  for 
electric  units. 

Also,  some  commenters  criticized  the 
assumed  overs  Long  factor  of  70  per¬ 
cent  used  in  the  calculation  of  burner 
operating  hours.  In  the  field,  many 
furnaces  and  vented  heaters  are  con¬ 
siderably  more  than  70  percent  over¬ 
sized.  Consequently,  they  operate 
fewer  hours,  at  a  higher  firing  rate, 
than  would  less  oversized  furnaces  or 
vented  heaters.  However,  the  oversiz¬ 
ing  practices  of  the  past  are  being  mo¬ 
derated  today  because  of  an  increasing 
awareness  that  oversized  equipment  is 
less  efficient.  Therefore,  DOE  believes 
the  70  percent  oversizing  factor  is  cur¬ 
rently  an  appropriate  factor  to  use  in 
these  calculation  procedures. 

These  procedures  provide  a  basis  for 
comparing  furnaces  and  vented  heat¬ 
ers  based  on  the  design  heat  loss  of 
the  house.  Consequently,  a  larger  ca¬ 
pacity  furnace  or  vented  heater  will 
show  approximately  the  same  cost  of 
operation  as  a  smaller  furnace  or 
vented  heater  when  each  is  compared 
for  cost  of  operation  at  the  same 
design  heat  loss,  providing  both  have 
the  same  seasonal  efficiency. 

24.  JACKET  LOSS  MEASUREMENT 
PROCEDURE 

One  comment  stated  that  the  proce¬ 
dures  used  in  the  referenced  ANSI 
Standard  for  jacket  loss  measurement 
(ANSI  Z21.47)  would  not  properly 
evaluate  the  jacket  loss  of  an  under¬ 
fired  boiler.  According  to  the  com- 
menter,  the  most  significant  jacket 
loss  of  such  boilers  is  through  the 
bottom.  As  an  alternate  method  of  de¬ 
termining  this  jacket  loss,  he  suggest¬ 
ed  conducting  a  full  thermal  efficiency 
test  as  specified  in  other  ANSI  stand¬ 
ards  for  boilers.  These  standards  meas¬ 
ure  and  add  the  output  energy,  in  the 
heated  water  at  steady  state  oper¬ 
ation,  to  the  flue  loss,  expressed  as  a 
percent  of  the  total  input,  and  sub¬ 
tract  this  total  from  100  percent. 

The  standards  suggested  by  the  com- 
menter  themselves  do  not  measure 
jacket  loss  through  the  bottom,  al¬ 
though  they  do  provide  for  determin¬ 
ing  the  total  boiler  jacket  losses. 
These  standards  deduce  jacket  losses 
from  a  measured  heat  output. 

A  direct  measure  of  the  heat  output 
of  a  furnace  or  vented  heater  would  be 
considerably  more  difficult,  and  as  yet 
has  not  been  developed.  Since  the  pro¬ 
posed  procedure  accurately  measures 
fuel  utilization  efficiency  for  both  fur¬ 
naces  and  boilers,  DOE  has  deter¬ 
mined  to  retain  the  procedure  origi¬ 
nally  proposed  for  measuring  jacket 
losses. 

25.  SIMPLIFICATION  OF  DATA  COLLECTION 
AND  COMPUTATION 

Several  commenters  expressed  con¬ 
cern  over  the  lengthy  and  difficult  cal¬ 


culations  and  the  many  measurements 
contained  in  the  proposed  test  proce¬ 
dures.  The  calculations  as  proposed 
were  necessary  to  allow  a  fair  compari¬ 
son  of  diverse  central  heating  equip¬ 
ment  types  and  produce  reasonably  re¬ 
alistic  numerical  results.  Existing  in¬ 
dustry  test  procedures  measure  steady 
state  efficiencies,  but  do  not  account 
for  any  part  load  or  seasonal  perform¬ 
ance  effects.  The  additional  data  re¬ 
quirements  of  the  DOE  test  proce¬ 
dures  are  due  to  the  treatment  of  the 
part  load  and  seasonal  effects  neces¬ 
sary  to  estimate  annual  operating 
costs  and  to  give  credit  for  equipment 
features  that  improve  efficiency  under 
part  load  conditions. 

26.  MANUAL  CALCULATIONS 

The  proposed  test  procedures  were 
designed  to  allow  manual  computation 
methods  and  included  several  tables 
and  families  of  graphs.  Several  mem¬ 
bers  of  industry  attempted  to  carry 
out  the  indicated  calculations,  using 
specific  equipment  examples  and 
manual  methods.  Unsatisfactory  re¬ 
sults  were  reported  in  terms  of  repea¬ 
tability,  precision  and  manpower  costs. 
Commenters  noted  that  computers  are 
generally  available  and  that  their  use 
as  the  normal  computation  method 
would  be  far  more  practical.  DOE  rec¬ 
ognizes  the  validity  of  these  comments 
by  industry  and  will  assist  in  the 
transformation  from  manual  to  com¬ 
puter  procedures.  A  computer  pro¬ 
gram  for  the  calculations,  based  on 
the  worksheet  contained  in  the  test 
procedures,  is  available  to  all  interest¬ 
ed  parties  in  the  DOE  Public  Reading 
Room,  Freedom  of  Information  Office, 
Room  2107,  12th  and  Pennsylvania 
Avenue  NW„  Washington,  D.C.  20461 

27.  UTILIZATION  EFFICIENCY  BASED  ON 

PRIMARY  ENERGY  SOURCE 

One  commenter  believed  it  would  be 
deceptive  to  the  consumer  to  consider 
energy  efficiency  only  at  the  point  of 
use.  The  commenter  stated  that 
energy  efficiency  should  be  deter¬ 
mined  from  the  primary  energy 
source,  i.e.,  the  power  plant. 

Section  323(a)(4XA)  of  the  Act  re¬ 
quires  DOE  to  prescribe  test  proce¬ 
dures  for  different  consumer  products 
for  the  determination  of  an  estimated 
annual  operating  cost  for  each  product 
and  at  least  one  other  measure  of 
energy  consumption  which  DOE  deter¬ 
mines  is  likely  to  assist  consumers  in 
making  purchasing  decisions.  DOE  has 
determined  the  measures  of  energy 
consumption  prescribed  today  will  be 
useful  to  consumers  and  are  likely  to 
assist  them  in  making  purchasing  deci¬ 
sions.  DOE  does  not  consider  it  neces¬ 
sary  to  prescribe  any  additional  meas¬ 
ures  of  energy  consumption  at  this 
time. 

28.  PROPANE  PILOT  UTILIZATION 

Comment  was  received  from  the 
liquid  petroleum  (LP)  gas  industry  em- 
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phasizing  their  concern  with  any 
action  which  would  preclude  the  use 
of  gas  pilots  on  LP  gas  fueled  heaters. 
These  test  procedures  do  not  preclude 
the  use  of  pilots  on  LP  gas  heaters. 

29.  COMPARISON  OF  VENTED  HEATERS  AND 
FURNACES 

A  commenter  stated  the  test  proce¬ 
dures  should  allow  for  a  fair  compari¬ 
son  of  all  types  of  heating  equipment 
and  therefore  must  be  as  consistent  as 
possible  among  types  and  still  consider 
the  different  usage  patterns  and  con¬ 
ditions  of  operation  to  which  vented 
heaters  and  furnaces  are  exposed.  The 
commenter  suggested  that  a  correc¬ 
tion  factor  could  be  applied  to  the 
vented  heater  calculation  to  account 
for  these  differences. 

DOE  has  determined  it  appropriate 
to  address  vented  heaters  in  the  test 
procedures  in  the  same  way  as  fur¬ 
naces.  since  the  typical  use  of  vented 
heaters  is  as  a  primary  heat  source  in 
a  home.  Furthermore,  DOE  believes  a 
correction  factor  applied  to  the  vented 
heater  test  procedures  in  order  to  re¬ 
flect  typical  differences  between 
annual  cost  of  operation  of  vented 
heaters  and  furnaces  could  be  mislead¬ 
ing.  Such  a  correction  factor  giving 
higher  annual  operating  costs  for  fur¬ 
naces  might  imply  to  a  consumer  that 
the  seasonal  efficiencies  of  furnaces 
are  generally  lower  than  those  of 
vented  heaters. 

30.  MISCELLANEOUS 

After  careful  consideration  of  all  of 
the  comments  and  further  consulta¬ 
tion  with  NBS  and  FTC,  DOE  has 
made  some  editorial  and  minor  techni¬ 
cal  changes  in  the  proposed  test  proce¬ 
dures  that  were  not  discussed  above 
and  incorporated  them  in  the  final 
rule  prescribed  today. 

C.  Regulations  Prescribed 

1.  TEST  PROCEDURES 

The  test  procedures  for  furnaces  and 
vented  home  heating  equipment  pre¬ 
scribed  today  are  included  in  subpart 
B  and  are  substantially  the  same  as 
those  proposed,  with  the  exception  of 
the  changes  discussed  above.  As  with 
the  proposed  procedures,  the  method¬ 
ology  of  the  tests  incorporate  parts  of 
the  following  standards:  American  Na¬ 
tional  Standards  Institute  (ANSI) 
Zll. 182-1965  (R1971),  Z21.11.1-1974, 
Z21. 13-1974,  Z21.44-1973,  Z21.47-1973, 
Z21.48-1976,  Z21.49-1975,  and  Z91.1- 
1972,  Underwriters  Laboratory  (UL) 
729-1976,  730-1974,  and  896-1973,  Air 
Conditioning  and  Refrigeration  Insti¬ 
tute  (ARI)  280-74,  and  The  Hydronic 
Institute  (HI)  “Testing  and  Rating 
Standard  for  Cast  Iron  and  Steel 
Heating  Boilers  —  January  1977.” 
These  standards  are  used  in  the  test 
procedures  with  additional  methodolo¬ 
gy  to  determine  energy  consumption. 


For  purposes  of  DOE’s  program,  the 
incorporated  standards  remain  appli¬ 
cable  as  presently  written,  regardless 
of  any  subsequent  amendment  of  the 
ANSI,  UL,  ARI,  or  HI  standards,  until 
further  amendment  by  DOE.  Copies  of 
these  standards  are  available  for  in¬ 
spection  at  the  DOE  Public  Reading 
Room. 

Under  the  requirements  of  section 
32(c)  of  the  Federal  Energy  Adminis¬ 
tration  Act  of  1974  (15  U.S.C.  761  et 
seq.)  as  amended  by  section  9  of  the 
Federal  Energy  Administration  Au¬ 
thorization  Act  of  1977  (Pub.  L.  95-70), 
the  Administrator  of  FEA  is  to  consult 
with  the  Attorney  General  and  the 
Chairman  of  the  Federal  Trade  Com¬ 
mission  concerning  the  impact  on  com¬ 
petition  of  any  rules  prescribed  by 
FEA  which  utilize  or  incorporate  any 
commercial  standards.  As  noted  earli¬ 
er.  the  Administrator’s  functions  have 
been  assumed  by  the  Secretary  of 
Energy. 

Copies  of  the  test  procedures  for  fur¬ 
naces  and  vented  home  heating  equip¬ 
ment,  which  incorporate  the  above- 
mentioned  commercial  standards,  have 
been  transmitted  to  the  Attorney  Gen¬ 
eral  and  to  the  Chairman  of  the  Fed¬ 
eral  Trade  Commission  for  their  com¬ 
ments  concerning  the  impact  of  such 
standards  on  competition,  in  accord¬ 
ance  with  section  32(c).  Neither  offi¬ 
cial  has  any  comments,  nor  do  they 
recommend  against  the  incorporation 
or  use  of  these  commercial  standards 
in  the  final  test  procedures  for  fur¬ 
naces  and  vented  home  heating  equip¬ 
ment. 

2.  general  provisions 

Also  prescribed  today  are  definitions 
of  “Basic  model”  with  respect  to  fur¬ 
naces  and  vented  home  heating  equip¬ 
ment,  “Direct  vent  system,”  “Electric 
central  furnace,”  “Forced  air  central 
furnace,”  “Furnace,”  “Gravity  central 
furnace,”  “Low  pressure  steam  or  hot 
water  boiler,”  “Outdoor  furnace  or 
boiler,”  “Vented  home  heating  equip¬ 
ment,”  “Vented  heater,”  “Vented  wall 
furnace,”  “Vented  floor  furnace,”  and 
“Vented  room  heater.”  The  definitions 
for  furnaces  and  boilers  were  previous¬ 
ly  proposed  in  subpart  A  issued  July 
28.  1977,  (42  FR  40826,  August  11, 
1977).  The  definitions  for  vented  home 
heating  equipment  were  previously 
proposed  in  subpart  A  issued  August 
22,  1977  (42  FR  43930  August  31, 
1977).  Comments  which  were  received 
regarding  these  definitions  and  the 
issues  which  they  raised  have  been  dis¬ 
cussed  earlier  in  this  notice. 

3.  APPLICATION  OF  TEST  PROCEDURES 

As  discussed  previously,  the  final 
test  procedures  prescribed  today  must 
be  applied  before  representations  re¬ 
garding  a  measure  of  energy  consump¬ 
tion  can  be  made.  Because  the  pur¬ 
poses  and  needs  of  the  different  ele¬ 


ments  of  the  appliance  program  (e.g., 
labeling,  targets)  vary,  application  of 
the  standard  test  methodology  pre¬ 
scribed  today  may  differ  in  some  re¬ 
spects  for  each  program  element.  It  is 
expected  that  instructions  on  how  to 
apply  the  standard  test  methodology 
to  these  other  elements  of  the  appli¬ 
ance  program  will  be  proposed  for 
comment  in  the  near  future. 

The  requirements  of  §  430.24  (n)  and 
(o)  of  the  final  regulations  apply  until 
such  time  as  final  labeling  require¬ 
ments  for  a  particular  measure  of 
energy  consumption  and  the  associat¬ 
ed  test  procedure  application  provision 
are  prescribed.  After  that  time,  all  rep¬ 
resentations  regarding  a  measure  of 
energy  consumption  covered  by  a  la¬ 
beling  rule  must  be  the  same  as  repre¬ 
sented  on  the  label. 

D.  Unit  Costs  of  Energy 

Under  section  323(b)(2)  of  the  Act, 
FEA  is  to  provide  manufacturers  in¬ 
formation  as  to  the  representative 
average  unit  costs  of  energy.  This  in¬ 
formation  was  provided  by  notice 
issued  July  11,  1977  (42  FR  36549,  July 
15.  1977). 

E.  Preemption 

Today’s  rulemaking  prescribing  final 
test  procedures  for  furnaces  and 
vented  home  heating  equipment  su¬ 
persedes  any  State  regulation  to  the 
extent  required  by  section  327  of  the 
Act.  Pursuant  to  section  327,  all  State 
regulations  which  provide  for  the  dis¬ 
closure  of  information  with  respect  to 
any  measure  of  energy  consumption  of 
furnaces  or  vented  home  heating 
equipment,  or  which  provide  for  any 
energy  efficiency  standard  or  similar 
requirement  with  respect  to  energy  ef¬ 
ficiency  or  energy  use  of  furnaces  or 
vented  home  heating  equipment,  must 
now  employ  test  procedures  identical 
to  those  specified  in  today’s  final  rule. 

(Energy  Policy  and  Conservation  Act,  Pub. 
L.  94-163,  as  amended  by  Pub.  L.  94-385; 
Federal  Energy  Administration  Act  of  1974, 
Pub.  L.  93-275,  as  amended  by  Pub.  L.  94- 
385;  E.O.  11790,  39  FR  23185  Department  of 
Energy  Organization  Act,  Pub.  L.  95-91.) 

In  consideration  of  the  foregoing. 
Part  430  of  Chapter  II  of  Title  10, 
Code  of  Federal  Regulation,  is  amend¬ 
ed  as  set  forth  below,  effective. 

Issued  in  Washington,  D.C.,  May  2, 
1978. 

William  P.  Davis, 
Deputy  Director  of 
Administration. 

1.  Section  430.2  is  amended  by 
adding  subparagraphs  (14)  and  (15)  as 
part  of  the  definition  of  “basic  model” 
and  by  adding  in  appropriate  alpha¬ 
betical  order  the  definitions  of  “direct 
vent  system,”  “electric  boiler,”  “elec¬ 
tric  central  furnace,”  “forced  air  cen¬ 
tral  furnace,”  “furnace,”  “gravity  cen¬ 
tral  furnace,"  “low  pressure  steam  or 
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hot  water  boiler,”  "outdoor  furnace  or 
boiler,”  “vented  home  heating  equip¬ 
ment”  or  “vented  heater,”  “vented 
floor  furnace,”  “vented  room  heater,” 
and  “vented  wall  furnace,”  to  read  as 
follows: 

§  430.2  Definitions. 

*  •  •  •  • 

“Basic  model”  means  all  units  of  a 
given  type  of  covered  product  manu¬ 
factured  by  one  manufacturer  and— 

(14)  with  respect  to  furnaces,  having 
the  same  primary  energy  source  and 
essentially  identical  functional,  physi¬ 
cal  and  electrical  characteristics. 

(15)  with  respect  to  vented  home 
heating  equipment,  having  the  same 
primary  energy  source  and  essentially 
identical  functional,  physical  and  elec¬ 
trical  characteristics. 

•  •  •  •  • 

“Direct  vent  system”  means  a 
system  supplied  by  a  manufacturer 
which  provides  outdoor  air  or  air  from 
an  unheated  space  (such  as  an  attic  or 
crawl  space)  directly  to  a  furnace  or 
vented  heater  for  combustion  and  for 
draft  relief  if  the  unit  is  equipped  with 
a  draft  control  device. 

“Electric  boiler”  means  an  electrical¬ 
ly  powered  furnace  designed  to  supply 
low  pressure  steam  or  hot  water  for 
space  heating  application.  A  low  pres¬ 
sure  steam  boiler  operates  at  or  below 
15  pounds  per  square  inch  gauge  (psig) 
steam  pressure;  a  hot  water  boiler  op¬ 
erates  at  or  below  160  psig  water  pres¬ 
sure  and  250'  F  water  temperature. 

"Electric  central  furnace”  means  a 
furnace  designed  to  supply  heat 
through  a  system  of  ducts  with  air  as 
the  heating  medium,  in  which  heat  is 
generated  by  one  or  more  electric  re¬ 
sistance  heating  elements  and  the 
heated  air  is  circulated  by  means  of  a 
fan  or  blower. 

“Forced  air  central  furnace”  means 
a  gas  or  oil  burning  furnace  designed 
to  supply  heat  through  a  system  of 
ducts  with  air  as  the  heating  medium. 
The  heat  generated  by  combustion  of 
gas  or  oil  is  transferred  to  the  air 
within  a  casing  by  conduction  through 
heat  exchange  surfaces  and  is  circulat¬ 
ed  through  the  duct  system  by  means 
of  a  fan  or  blower. 

"Furnace”  means  a  device  designed 
to  be  the  principal  heating  source  for 
the  living  space  of  a  residence  having 
a  heat  input  rate  less  than  300,000 
Btu’s  per  hour  for  electric  boilers  and 
low  pressure  steam  or  hot  water  boil¬ 
ers,  or  225,000  Btu’s  per  hour  for 
forced  air  central  furnaces,  gravity 
central  furnaces,  and  electric  central 
furnaces. 

“Gravity  central  furnace”  means  a 
gas  fueled  furnace  which  depends  pri¬ 
marily  on  natural  convection  for  circu¬ 
lation  of  heated  air  and  which  is  de¬ 


signed  to  be  used  in  conjunction  with 
a  system  of  ducts. 

“Low  pressure  steam  or  hot  water 
boiler”  means  an  electric,  gas  or  oil 
burning  furnace  designed  to  supply 
low  pressure  steam  or  hot  water  for 
space  heating  application.  A  low  pres¬ 
sure  steam  boiler  operates  at  or  below 
15  pounds  psig  steam  pressure;  a  hot 
water  boiler  operates  at  or  below  160 
psig  water  pressure  and  250“  F  water 
temperature. 

“Outdoor  furnace  or  boiler”  is  a  fur¬ 
nace  or  boiler  normally  intended  for 
installation  out-of-doors  or  in  an  un¬ 
heated  space  (such  as  an  attic  or  a 
crawl  space). 

“Vented  home  heating  equipment” 
or  “vented  heater”  means  a  class  of 
home  heating  equipment,  not  includ¬ 
ing  furnaces,  designed  to  furnish 
warmed  air  to  the  living  space  of  a 
residence,  directly  from  the  device, 
without  duct  connections  (except  that 
boots  not  to  exceed  10  inches  beyond 
the  casing  may  be  permitted)  and  in¬ 
cludes:  vented  wall  furnace,  vented 
floor  furnace,  and  vented  room  heater. 

“Vented  floor  furnace”  means  a  self- 
contained  vented  heater  suspended 
from  the  floor  of  the  space  being 
heated,  taking  air  for  combustion  from 
outside  this  space.  The  vented  floor 
furnace  supplies  heated  air  circulated 
by  gravity  or  by  a  fan  directly  into  the 
space  to  be  heated  through  openings 
in  the  casing. 

“Vented  room  heater”  means  a  self- 
contained,  free  standing,  nonrecessed, 
vented  heater  for  furnishing  warmed 
air  to  the  space  in  which  it  is  installed. 
The  vented  room  heater  supplies 
heated  air  circulated  by  gravity  or  by 
a  fan  directly  into  the  space  to  be 
heated  through  openings  in  the 
casing. 

“Vented  wall  furnace”  means  a  self- 
contained  vented  heater  complete 
with  grilles  or  the  equivalent,  designed 
for  incorporation  in,  or  permanent  at¬ 
tachment  to,  a  wall  of  a  residence  and 
furnishing  heated  air  circulated  by 
gravity  or  by  a  fan  directly  into  the 
space  to  be  heated  through  openings 
in  the  casing. 

2.  Section  430.22  is  amended  by 
adding  paragraphs  (n)  and  (o),  to  read 
as  follows: 

§  430.22  Test  procedures  for  measures  of 
energy  consumption. 

•  *  •  •  • 

(n)  Furnaces.  (1)  The  estimated 
annual  operating  cost  for  furnaces  is 
the  sum  of  (i)  the  product  of  the  aver¬ 
age  annual  fuel  energy  consumption, 
in  Btu’s  per  year  for  gas  or  oil  fur¬ 
naces  or  in  kilowatt-hours  per  year  for 
electric  furnaces,  determined  accord¬ 
ing  to  4.8  or  4.10  of  appendix  N  of  this 
subpart,  respectively,  and  the  repre¬ 
sentative  average  unit  cost  in  dollars 


per  Btu  for  gas  or  oil,  or  dollars  per 
kilowatt-hour  for  electric,  as  appropri¬ 
ate,  as  provided  pursuant  to  section 
323(b)(2)  of  the  Act,  plus  (ii)  the  prod¬ 
uct  of  the  average  annual  auxiliary 
electric  energy  consumption  in  kilo¬ 
watt-hours  per  year,  determined  ac¬ 
cording  to  4.9  of  appendix  N  of  this 
subpart,  and  the  representative  aver¬ 
age  unit  cost  in  dollars  per  kilowatt- 
hour  as  provided  pursuant  to  section 
323(b)(2)  of  the  Act,  the  resulting  sum 
then  being  rounded  off  to  the  nearest 
dollar  per  year. 

(2)  The  annual  fuel  utilization  effi¬ 
ciency  for  furnaces,  expressed  in  per¬ 
cent,  is  the  ratio  of  annual  output  of 
useful  energy  delivered  to  the  heated 
space  to  the  annual  fuel  energy  input 
to  the  furnace  determined  according 
to  4.2.33  of  appendix  N  of  this  subpart 
for  gas  and  oil  furnaces  and  deter¬ 
mined  in  accordance  with  4.1  of  appen¬ 
dix  N  of  this  subpart  for  electric  fur¬ 
naces. 

(3)  The  estimated  regional  annual 
operating  cost  for  furnaces  is  the  sum 
of  (i)  the  product  of  the  regional 
annual  fuel  energy  consumption  in 
Btu’s  per  year  for  gas  or  oil  furnaces 
or  in  kilowatt-hours  per  year  for  elec¬ 
tric  furnaces,  determined  according  to 
4.12  and  4.14  of  appendix  N  of  this 
subpart,  respectively,  and  the  repre¬ 
sentative  average  unit  cost  in  dollars 
per  Btu  for  gas  or  oil,  or  dollars  per 
kilowatt-hour  for  electric,  as  appropri¬ 
ate,  as  provided  pursuant  to  section 
323(b)(2)  of  the  Act,  plus  (ii)  the  prod¬ 
uct  of  the  regional  auxiliary  electrical 
energy  consumption  in  kilowatt-hours 
per  year,  determined  according  to  4.13 
of  appendix  N  of  this  subpart,  and  the 
representative  average  unit  cost  in  dol¬ 
lars  per  kilowatt-hour  as  provided  pur¬ 
suant  to  section  323(b)(2)  of  the  Act, 
the  resulting  sum  then  being  rounded 
off  to  the  nearest  dollar  per  year. 

(4)  Other  useful  measures  of  energy 
consumption  for  furnaces  shall  be 
those  measures  of  energy  consumption 
which  the  Secretary  of  Energy  deter¬ 
mines  are  likely  to  assist  consumers  in 
making  purchasing  decisions  and 
which  are  derived  from  the  applica¬ 
tion  of  appendix  N  of  this  subpart. 

(o)  Vented  home  heating  equipment. 
(1)  The  estimated  annual  operating 
cost  for  vented  home  heating  equip¬ 
ment  is  the  sum  of  (i)  the  product  of 
the  average  annual  fuel  energy  con¬ 
sumption  in  Btu’s  per  year,  deter¬ 
mined  according  to  4.7  of  appendix  O 
of  this  subpart,  and  the  representative 
average  unit  cost  in  dollars  per  Btu  for 
gas  or  oil,  as  appropriate,  as  provided 
by  the  Administrator,  plus  (ii)  the 
product  of  the  average  annual  auxil¬ 
iary  electric  energy  consumption  in 
kilowatt-hours  per  year,  determined 
according  to  4.8  of  appendix  O  of  this 
subpart,  and  the  representative  aver¬ 
age  unit  cost  in  dollars  per  kilowatt- 
hour  as  provided  by  the  Administra- 
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tor,  the  resulting  sum  rounded  off  to 
the  nearest  dollar  per  year. 

(2)  The  annual  fuel  utilization  effi¬ 
ciency  for  vented  home  heating  equip¬ 
ment,  expressed  in  percent,  is  the  ratio 
of  annual  output  of  useful  energy  de¬ 
livered  to  the  heated  space  to  the 
annual  fuel  energy  input  to  the  vented 
heater  determined  according  to  4.1.33 
of  Appendix  O  of  this  subpart. 

(3)  The  estimated  regional  annual 
operating  costs  for  vented  home  heat¬ 
ing  equipment  computed  for  different 
typical  design  heating  requirements  is 
the  sum  of  (i)  the  product  of  the  re¬ 
gional  annual  fuel  energy  consump¬ 
tion  for  the  typical  design  heating  re¬ 
quirement  being  used,  in  Btu’s  per 
year  for  gas  or  oil  vented  heaters  de¬ 
termined  according  to  4.10  of  Appen¬ 
dix  O  of  this  subpart,  and  the  repre¬ 
sentative  average  unit  cost  in  dollars 
per  Btu  for  gas  or  oil,  as  appropriate, 
as  provided  by  the  Administrator  plus 
(ii)  the  product  of  the  regional  annual 
auxiliary  electrical  energy  consump¬ 
tion  in  kilowatt-hours  per  year  deter¬ 
mined  according  to  4.11.,  as  appropri¬ 
ate,  of  Appendix  O  of  this  subpart, 
and  the  representative  average  unit 
cost  in  dollars  per  kilowatt-hour  as 
provided  by  the  Administrator,  the  re¬ 
sulting  sum  then  being  rounded  off  to 
the  nearest  dollar  per  year. 

(4)  Other  useful  measures  of  energy 
consumption  for  vented  home  heating 
equipment  shall  be  those  measures  of 
energy  consumption  which  the  Admin¬ 
istrator  determines  are  likely  to  assist 
consumers  in  making  purchasing  deci¬ 
sions  and  which  are  derived  from  the 
application  of  Appendix  O  of  this  sub¬ 
part. 

3.  Section  430.24  is  amended  by 
adding  paragraphs  (n)  and  (o)  to  read 
as  follows: 

§  430.24  Representations  regarding  meas¬ 
ures  of  energy  consumption. 

•  *  •  *  * 

(n)  Furnaces.  (1)  Except  as  provided 
in  paragraph  (n)(3)  of  this  section,  no 
manufacturer,  distributor,  retailer,  or 
private  labeler  of  furnaces  may  make 
any  representation  with  respect  to  or 
based  upon  a  measure  or  measures  of 
energy  consumption  described  in 
§430.22(n)  unless  a  sample  of  suffi¬ 
cient  size  of  each  basic  model  for 
which  such  representation  is  made  has 
been  tested  in  accordance  with  appli¬ 
cable  provisions  of  this  subpart  such 
that  for  each  such  measure  of  energy 
consumption,  there  is  95  percent  confi¬ 
dence  that  the  true  mean  of  such 
measures  of  the  basic  model  lies 
within  ±5  percent  of  the  mean  of  such 
measures  of  the  sample. 

(2)  The  sample  selected  for  para¬ 
graph  (n)(l)  of  this  section  is  to  be 
comprised  of  units  which  are  produc¬ 
tion  units,  or  are  representative  of  pro- 
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duction  units,  of  the  basic  model  being 
tested. 

(3)  Whenever  a  rule  applicable  to 
furnaces  is  prescribed  under  Section 
324  of  the  Act,  this  paragraph  (n) 
shall  not  apply  to  any  label  covered  by 
such  rule,  and  all  representations  of 
any  measure  of  energy  consumption 
covered  by  such  rule  shall  be  identical 
to  the  measure  of  energy  consumption 
of  the  label. 

(o)  Vented  home  heating  equipment. 

(1)  except  as  provided  in  paragraph 
(o)<3)  of  this  section,  no  manufacturer, 
distributor,  retailer,  or  private  labeler 
of  vented  home  heating  equipment 
may  make  any  representation  with  re¬ 
spect  to  or  based  upon  a  measure  or 
measures  of  energy  consumption  de¬ 
scribed  in  Section  430.22(o)  unless  a 
sample  of  sufficient  size  of  each  basic 
model  for  which  such  representation 
is  made  has  been  tested  in  accordance 
with  applicable  provisions  of  this  sub¬ 
part  such  that  for  each  such  measure 
of  energy  consumption,  there  is  95 
percent  confidence  that  the  true  mean 
of  such  measures  of  the  basic  model 
lies  within  ±5  percent  of  the  mean  of 
such  measures  of  the  sample. 

(2)  The  sample  selected  for  para¬ 
graph  (o)(l)  of  this  section  is  to  be 
comprised  of  units  which  are  produc¬ 
tion  units,  or  are  representative  of  pro¬ 
duction  units,  of  the  basic  model  being 
tested. 

(3)  Whenever  a  rule  applicable  to 
vented  heaters  is  prescribed  under 
Section  324  of  the  Act,  this  paragraph 
(o)  shall  not  apply  to  any  label  cov¬ 
ered  by  such  rule,  and  all  representa¬ 
tions  of  any  measure  of  energy  con¬ 
sumption  covered  by  such  rule  shall  be 
identical  to  the  measure  of  energy 
consumption  on  the  label. 

(4)  Subpart  B  of  Part  430  is  amended 
to  add  Appendices  N  and  O,  to  read  as 
follows: 

Appendix  N— Uniform  Test  Method  for 

Measuring  the  Energy  Consumption  of 

Furnaces 

1.0  Definitions. 

1.1  “Steady-state  conditions”  means  equi¬ 
librium  conditions  as  indicated  by  tempera¬ 
ture  variations  of  not  more  than  3°  F  (1.7* 
C)  in  the  stack  gas  temperature  for  units 
equipped  with  integral  draft  diverters,  or 
not  more  than  5‘  F  (2.8°  C)  in  flue  gas  tem¬ 
perature  for  units  equipped  with  draft 
hoods,  barometric  draft  regulators,  or  direct 
vent  systems,  in  three  successive  tempera¬ 
ture  readings  taken  15  minutes  apart. 

1.2  "Steady-state  conditions  for  low  pres¬ 
sure  steam  and  hot  water  boilers”  means 
steady-state  conditions  as  defined  in  1.1 
above  and  variations  of  not  more  than  4'  F 
(2.2*  C)  in  the  outlet  water  temperature  for 
hot  water  boilers  in  three  successive  read¬ 
ings  taken  15  minutes  apart. 

1.3  “Flue  gases”  means  all  gases  in  the 
flue  during  the  duration  of  combustion  in 
the  combustion  chamber,  including  reaction 
products,  inerts  and  any  excess  air. 

1.4  “Excess  air”  means  air  which  passes 
through  the  combustion  chamber  and  the 
furnace  flues  in  excess  of  that  which  is 
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theoretically  required  for  complete  combus¬ 
tion. 

1.5  “Flue”  means  a  conduit  between  the 
flue  outlet  of  the  furnace  and  the  integral 
draft  diverter,  draft  hood,  barometric  draft 
regulator,  vent  terminal,  or  any  other  point 
of  draft  relief. 

1.6  “Furnace  outlet”  means  the  opening 
provided  in  a  furnace  for  the  exhaust  of  the 
flue  gases  from  the  combustion  chamber. 

1.7  “Flue  losses”  means  the  sum  of  sensi¬ 
ble  and  latent  heat  losses  above  room  tem¬ 
perature  of  the  flue  gases  leaving  the  fur¬ 
nace. 

1.8  “Stack”  means  the  portion  of  the  ex¬ 
haust  system  downstream  of  the  draft  di¬ 
verter,  draft  hood  or  barometric  draft  regu¬ 
lator. 

1.9  “Stack  gases”  means  the  mixture  of 
the  flue  gases  and  air  that  enters  at  the 
draft  diverter,  draft  hood,  integral  draft  di¬ 
verter,  or  barometric  draft  regulator. 

1.10  “Barometric  draft  regulator  or  baro¬ 
metric  damper”  means  a  device  designed  to 
maintain  a  constant  draft  in  a  furnace  or 
boiler. 

1.11  “Air  shutter”  means  an  adjustable 
device  for  varying  the  size  of  the  primary 
air  inlet(s)  to  the  combustion  chamber  or 
power  burner. 

1.12  “Power  burner”  means  a  furnace 
burner  which  supplies  air  for  combustion  at 
a  pressure  exceeding  atmospheric  pressure, 
or  a  burner  which  depends  on  the  draft  in¬ 
duced  by  a  fan  incorporated  in  the  furnace 
for  proper  operation. 

1.13  “Vent  limiter"  means  a  device  which 
limits  the  flow  of  air  from  the  atmospheric 
diaphragm  chamber  of  a  gas  pressure  regu¬ 
lator  to  the  atmosphere.  A  vent  limiter  may 
be  a  limiting  orifice  or  other  limiting  device. 

1.14  “Vent/air  intake  terminal”  means  a 
device  which  is  located  on  the  outside  of  a 
building  and  is  connected  to  a  furnace  by  a 
system  of  conduits.  It  is  composed  of  an  air 
intake  terminal  through  which  the  air  for 
combustion  is  taken  from  the  outside  atmo¬ 
sphere,  and  an  exhaust  terminal  from 
which  flue  gases  are  discharged. 

1.15  “Resistance  heating  element”  means 
the  electrical  conducting  medium  which  is 
intended  to  be  heated  by  an  electric  current 
and  which  dissipates  this  heat  into  the  air 
or  water. 

1.16  “Induced  draft”  means  drawing  air 
into  the  combustion  chamber  by  mechanical 
means. 

1.17  “Plenum”  means  an  air  compart¬ 
ment,  that  is  attached  to,  or  is  an  integral 
part  of  a  forced  air  furnace  and  which  is  de¬ 
signed  to  either  distribute  the  heated  air 
after  it  leaves  the  heat  exchanger  in  the 
case  of  a  supply  plenum,  or  collects  the  air 
which  enters  the  return  inlet  in  the  case  of 
a  return  plenum. 

1.18  “Heat  input”  (Qto)  means  the  rate  of 
energy  supplied  in  a  fuel  to  a  furnace,  oper¬ 
ating  under  steady  state  conditions,  ex¬ 
pressed  in  Btu’s  per  hour.  It  includes  any 
input  energy  to  the  pilot  light  and  is  ob¬ 
tained  by  multiplying  the  measured  rate  of 
fuel  consumption  by  the  measured  higher 
heating  value  of  the  fuel. 

1.19  “Draft  hood”  means  a  device  that  is 
not  an  integral  part  of  the  furnace  or  boiler, 
and  which  is  connected  to  the  furnace  or 
boiler  by  a  short  length  of  flue  pipe.  It  is  de¬ 
signed  to  (1)  provide  for  the  exhaust  of  the 
products  of  combustion  in  the  event  of  no 
draft,  back  draft,  or  stoppage  beyond  the 
draft  hood,  (2)  prevent  a  back  draft  from 
entering  the  furnace,  and  (3)  neutralize  the 
effect  of  stack  action  of  the  chimney  or  gas 
vent  upon  the  operation  of  the  furnace. 
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1.20  "Higher  heating  value”  (HHV) 
means  the  heat  produced  per  unit  of  fuel 
when  complete  combustion  takes  place  at 
constant  pressure  and  the  products  of  com¬ 
bustion  are  cooled  to  the  initial  temperature 
of  the  fuel  and  air  and  when  the  water 
vapor  formed  during  combustion  is  con¬ 
densed.  The  higher  heating  value  is  ex¬ 
pressed  in  Btu’s  per  pound,  Btu’s  per  cubic 
foot  for  gaseous  fuel,  or  Btu’s  per  gallon  for 
liquid  fuel. 

1.21  “Integral  draft  diverter”  means  a 
device  that  is  an  integral  part  of  a  furnace 
and  which  is  designed  to  (1)  provide  for  the 
exhaust  of  the  products  of  combustion  in 
the  event  of  no  draft,  back  draft,  or  stop¬ 
page  beyond  the  draft  diverter,  (2)  prevent 
a  back  draft  from  entering  the  furnace,  (3) 
neutralize  the  effect  of  stack  action  of  the 
chimney  or  gas  vent  upon  the  operation  of 
the  furnace. 

1.22  "Stack  dumper”  is  a  device  installed 
downstream  of  the  integral  draft  diverter, 
draft  hood,  or  barometric  draft  regulator 
and  which  is  designed  to  automatically  open 
the  venting  system  when  the  appliance  is  in 
operation  and  to  automatically  close  off  the 
venting  system  when  the  appliance  is  in  a 
standby  condition. 

1.23  "Flue  damper”  is  a  device  installed 
between  the  furnace  and  the  integral  draft 
diverter,  draft  hood,  barometric  draft  regu¬ 
lator  or  vent  terminal  on  a  unit  not 
equipped  with  a  draft  control  device  and 
which  is  designed  to  automatically  open  the 
venting  system  when  the  appliance  is  in  op¬ 
eration  and  to  automatically  close-off  the 
venting  system  when  the  appliance  is  in  a 
standby  condition. 

1.24  "Air  tube”  means  a  tube  which  car¬ 
ries  combustion  air  from  the  fan  to  the 
burner  nozzle  for  combustion. 

1.25  "Infiltration  parameter”  means  that 
portion  of  unconditioned  outside  air  drawn 
into  the  heated  space  as  a  consequence  of 
loss  of  conditioned  air  through  the  exhaust 
system  of  a  furnace  or  boiler. 

1.26  “Vent  pipe”  means  passages  and 
conduits  in  a  direct  vent  system  through 
which  gases  pass  from  the  combustion 
chamber  to  the  outdoor  air. 

1.27  “Heating  capacity”  (Qo.,)  means  the 
rate  of  useful  heat  output  from  a  furnace, 
operating  under  steady  state  conditions,  ex¬ 
pressed  in  Btu's  per  hour.  For  furnaces  in¬ 
tended  to  be  installed  indoors  it  is  obtained 
by  multiplying  the  “heat  input”  (Qto)  by  the 
steady  state  efficiency  (i}„)  divided  by  100. 
For  furnaces  intended  to  be  installed  out¬ 
doors  it  is  obtained  by  multiplying  (A)  the 
“heat  input”  (Qto)  by  (B)  the  difference  of 
the  steady  state  efficiency  divided  by  100 
and  the  quantity  (3.3)  (L,)  divided  by  100, 
where  L,  is  the  jacket  loss  as  determined  in 

3.4  of  this  appendix. 

2.0  Testing  conditions. 

2.1  Installation  of  test  plenum,  duct 
work,  and  piping. 

2.1.1  Gravity  central  furnaces  (including 
direct  vent  systems).  Install  and  equip  grav¬ 
ity  central  furnaces  with  a  vertical  supply 
test  plenum  or  extended  casing  and  horizon¬ 
tal  test  ducts  as  described  in  section  2.9.1  of 
ANSI  Standard  Z21.47-1973. 

2.1.2  Forced  air  central  furnaces  (includ¬ 
ing  direct  vent  systems).  Equip  gas-fueled 
forced  air  central  furnaces  with  a  plenum 
and  test  duct  as  described  in  Sections  2.1.9 
and  2.1.10  of  ANSI  Standard  Z21. 47-1973. 
Equip  oil  fueled  forced  air  central  furnaces 
with  a  plenum  and  test  duct  as  described  in 
Section  6.2  of  ANSI  Standard  Z91.1-1972. 

2.1.3  Low  pressure  steam  and  hot  water 
boilers  (including  direct  vent  systems).  In¬ 


stall  gas-fueled  low  pressure  steam  and  hot 
water  boilers  as  prescribed  in  section  2.9  of 
ANSI  Standard  Z21.13-1974.  Install  oil- 
fueled  low  pressure  steam  and  hot  water 
boilers  as  prescribed  in  sections  7.0  and  8.1.1 
through  8.1.3  of  the  Hydronic  Institute 
Testing  and  Rating  Standard  for  Cast  Iron 
and  Steel  Heating  Boilers,  January  1977  edi¬ 
tion. 

2.1.4  Electric  central  furnaces.  Install 
equipment  for  testing  in  accordance  with 
ARI  Standard  280-74,  section  4  and  figure  1. 

2.1.5  Electric  boilers. 

Install  equipment  in  accordance  with 
manufacturer's  instructions. 

2.2  Flue  and  Stack  Requirements 

2.2.1  Gravity  and  Forced  air  central  fur¬ 
naces.  2.2.1. 1  Gravity  and  gas  fueled  forced 
air  central  furnaces  employing  Integral 
draft  diverters. 

Attach  to,  and  vertically  above,  the  di¬ 
verter  outlet  of  gas  fueled  gravity  and 
forced  air  central  furnaces  employing  draft 
diverters  with  vertically  discharging  outlets, 
a  test  stack  having  a  length  of  five  (5)  feet 
and  a  cross  sectional  area  the  same  size  as 
the  furnace  outlet.  Cover  the  test  stack  with 
insulation  having  an  R  value  of  not  less 
than  7  CF-HR— ftVBtu)  and  an  outer  layer 
of  aluminum  foil  Attach  a  90  degree  elbow 
and  a  vertical  test  stack  5  feet  long  to  the 
diverter  outlet  of  furnaces  employing  draft 
diverters  with  horizontally  discharging  out¬ 
lets.  Cover  the  elbow  and  test  stack  with  in¬ 
sulation  having  an  R  value  of  not  less  than 
7  CF-HR— ft  VBtu)  and  an  outer  layer  of 
aluminum  foil. 

2.2.1.2  Gas  fueled  gravity  and  forced  air 
central  furnaces  which  employ  draft  hoods. 
Test  gas  fueled  gravity  and  forced  air  cen¬ 
tral  furnaces  which  employ  draft  hoods 
having  vertically  discharging  outlets  with 
the  draft  hood  in  place  and  a  five  foot  long 
insulated  pipe  attached  to  the  hood  outlet. 
Test  gas  fueled  furnaces  having  a  horizon¬ 
tally  discharging  hood  outlet,  with  the  draft 
hood  in  place  and  an  insulated  elbow  and  a 
five  foot  long  vertical  insulated  pipe  at¬ 
tached  to  the  hood  outlet.  Insulate  with  in¬ 
sulation  having  an  R  value  not  less  than  7 
CF-HR— ft  */Btu)  and  an  outer  layer  of  alu¬ 
minum  foil.  Use  an  elbow  and  pipe  with  a 
cross  sectional  area  the  same  size  as  the 
hood  discharge  outlet. 

2.2.1.3  Oil  fueled  forced  air  central  fur¬ 
naces. 

Flue  connections  for  oil  fueled  forced  air 
central  furnaces  are  to  be  as  described  in 
Figures  1  and  2  of  ANSI  Standard  Z91.1- 
1972.  Use  elbows  and  flue  connections  with 
the  same  cross  sectional  area  as  the  furnace 
outlet  and  covered  as  described  in  Figure  2 
of  ANSI  Standard  Z91.1-1972  with  insula¬ 
tion  having  an  R  value  not  less  than  7  CF- 
HR— ft  VBtu)  and  an  outer  layer  of  alumi¬ 
num  foil.  Allow  no  opening  between  the  fur¬ 
nace  and  the  point  where  the  flue  gas 
sample  is  to  be  taken  or  the  flue  gas  tem¬ 
perature  is  to  be  measured.  If  a  barometric 
draft  regulator  is  incorporated  in  the  fur¬ 
nace,  seal  it  during  all  tests. 

2.2.2  Gas  and  oil  fueled  low  pressure 
steam  and  hot  water  boilers  (not  Including 
direct  vent  systems).  Set  up  gas  fueled  low 
pressure  steam  and  hot  water  boilers  em¬ 
ploying  draft  diverters  with  the  same  flue 
and  stack  arrangement  described  in  section 

2.2.1. 1  for  gas  fueled  furnaces  with  draft  di¬ 
verters. 

Set  up  gas  fueled  low  pressure  steam  and 
hot  water  boilers  employing  draft  hoods 
with  the  same  flue  and  stack  arrangement 
described  in  section  2.2.1.2  for  gas  fueled 
furnaces  with  draft  hoods. 


Flue  connections  for  oil  fueled  low  pres¬ 
sure  steam  and  hot  water  boilers  are  the 
same  as  those  described  in  section  2.2.1.3  for 
oil  fueled  forced  air  central  furnaces. 

2.2.3  Direct  vent  systems.  Keep  the  vent/ 
air  intake  system  supplied  by  the  manufac¬ 
turer  in  place  during  all  tests.  Test  units  in¬ 
tended  for  installation  with  a  variety  of 
vent  pipe  lengths  with  the  minimum  vent 
length  recommended  by  the  manufacturer. 
Do  not  connect  a  furnace  or  boiler  employ¬ 
ing  a  direct  vent  system  to  a  chimney  or  in¬ 
duced  draft  source.  Vent  combustion  prod¬ 
ucts  solely  on  the  provision  of  venting  incor¬ 
porated  in  the  furnace  and  the  vent/air 
intake  system  supplied  with  it.  On  units 
which  are  not  designed  to  significantly  pre¬ 
heat  the  incoming  air,  insulate  the  first  18 
inches  of  vent  pipe  downstream  of  the  fur¬ 
nace  outlet  with  a  layer  of  insulation  having 
an  R  value  of  7  CF-HR— ftVBtu)  covered 
with  a  layer  of  aluminum  foil.  Care  should 
be  taken  not  to  block  the  air  intake  with  in¬ 
sulation.  For  units  designed  to  significantly 
preheat  the  incoming  combustion  air  cover 
all  surfaces  of  the  vent/air  intake  system 
exposed  to  ambient  air  with  insulation 
having  an  R  value  not  less  than  7  CF-HR— 
ftVBtu)  and  a  layer  of  aluminum  foil,  where 
the  combustion  air  temperature  exceeds  the 
room  temperature  by  more  than  30*  F  (16.76 
C*>. 

2.3  Fuel  supply. 

2.3.1  Natural  gas.  For  a  furnace  utilizing 
natural  gas,  maintain  the  gas  supply  to  the 
unit  under  test  at  a  normal  inlet  test  pres¬ 
sure  of  7  to  10  inches  water  column  immedi¬ 
ately  ahead  of  all  controls.  Maintain  the 
regulator  outlet  pressure  at  normal  test 
pressure  approximately  at  that  recommend¬ 
ed  by  the  manufacturer.  Use  natural  gas 
having  a  specific  gravity  of  approximately 
0.65  and  a  higher  heating  value  within  ±5% 
of  1025  Btu  per  standard  cubic  foot.  Deter¬ 
mine  the  actual  higher  heating  value  in 
Btu’s  per  standard  cubic  foot  for  the  natu¬ 
ral  gas  to  be  used  in  the  test  with  an  error 
no  greater  than  one  percent. 

2.3.2  Propane  gas.  For  a  furnace  or  boiler 
utilizing  propane  gas,  maintain  the  gas 
supply  to  the  unit  under  test  at  a  normal 
inlet  pressure  of  11  to  13  inches  water 
column.  Immediately  ahead  of  all  controls 
maintain  the  regulator  outlet  pressure,  on 
units  so  equipped,  approximately  at  that 
recommended  by  the  manufacturer.  Use 
propane  HD-5  having  a  specific  gravity  of 
approximately  1.53  and  a  higher  heating 
value  within  ±5%  of  2500  Btu’s  per  stand¬ 
ard  cubic  foot.  Determine  the  actual  higher 
heating  value  in  Btu’s  per  standard  cubic 
foot  for  the  propane  to  be  used  in  the  test 
with  an  error  no  greater  than  one  percent. 

2.3.3  Other  test  gas.  The  specific  gravity 
of  other  test  gases  shall  approximate  the 
values  given  in  Table  IX  of  ANSI  Standard 
Z21.47-1973.  Maintain  the  test  pressures  im¬ 
mediately  ahead  of  all  controls  between  the 
"normal”  and  "increased”  values  of  test 
pressures  given  in  Table  X  in  the  ANSI 
Standard.  Use  gas  with  a  measured  higher 
heating  value  within  ±5%  of  the  values 
specified  in  Table  IX  of  ANSI  Standard 
Z21.47-1973.  Determine  the  actual  higher 
heating  value  of  the  gas  used  in  the  test 
with  an  error  no  greater  than  1  percent. 

2.3.4  Oil  supply.  For  a  furnace  or  boiler 
utilizing  fuel  oil.  use  fuel  oil  No.  1  or  No.  2 
conforming  to  the  specifications  outlined  in 
Tables  2  and  3  of  ANSI  Standard  Z91.1- 
1972.  Measure  the  higher  heating  value  of 
the  test  fuel  oil  with  an  error  no  greater 
than  one  percent. 
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2.3.5  Electrical  supply.  For  an  electric 
furnace  or  boiler,  or  for  an  auxiliary  electric 
component  of  a  gas  or  oil  fueled  furnace  or 
boiler,  maintain  the  electrical  supply  to  the 
test  unit  within  one  percent  of  the  name¬ 
plate  voltage  for  the  entire  duration  of  the 
test.  If  a  voltage  range  is  used  for  nameplate 
voltage,  maintain  the  electrical  supply 
within  one  percent  of  the  center  of  the 
nameplate  voltage  range. 

2.4  Burner  adjustments. 

2.4.1  Gas  Burner  adjustments.  Adjust 
burners  of  gas  fueled  fumances  or  boilers  to 
their  maximum  Btu  ratings  at  normal  test 
pressure  specified  in  2.3  of  this  Section.  Cor¬ 
rect  the  burner  input  rate  to  60°  F  and  30 
inches  of  mercury  barometric  pressure  and 
within  ±2  percent  of  the  hourly  Btu  rating 
specified  by  the  manufacturer,  as  measured 
after  15  minutes  of  operation  starting  with 
all  parts  of  the  furnace  at  room  tempera¬ 
ture.  Set  the  primary  air  shutters  in  accord¬ 
ance  with  the  manufacturer’s  recommenda¬ 
tion  to  give  a  good  flame  at  this  adjustment. 
If,  however,  the  setting  results  in  the  depos¬ 
it  of  carbon  during  any  test  specified  herein, 
the  tester  shall  adjust  the  shutters  and 
burners  until  no  more  carbon  is  deposited 
and  shall  perform  the  tests  again  with  the 
new  settings. 

If  a  vent  limiting  means  is  provided  on  a 
gas  pressure  regulator,  keep  it  in  place 
during  all  tests. 

2.4.2  Oil  burner  adjustments.  Adjust  the 
burners  of  oil  fueled  furnaces  or  boilers  to 
give  the  COa  reading  recommended  by  the 
manufacturer  and  an  hourly  Btu  input 
during  the  steady-state  performance  test  de¬ 
scribed  below  which  is  within  plus  or  minus 
2  percent  of  the  furnace  manufacturer’s 
specified  normal  hourly  Btu  input  rating. 
Smoke  in  the  flue  may  not  exceed  a  No.  1 
smoke  during  the  steady-state  performance 
test  as  measured  by  the  procedure  in  ANSI 
Standard  Zll.182-1965  (R1971)  (American 
Society  for  Testing  and  Materials  D  2156-65 
(1970)).  Maintain  the  average  draft  over  the 
fire  and  in  the  flue  during  the  steady-state 
performance  test  at  that  recommended  by 
the  manufacturer.  Do  not  allow  draft  fluc¬ 
tuations  exceeding  0.005  inches  of  water 
gauge.  Do  not  make  additional  adjustments 
to  the  burner  during  the  required  series  of 
performance  tests.  The  instruments  and 
measuring  apparatus  for  this  test  are  de¬ 
scribed  in  section  6.3  of  ANSI  Standard 
Z91.1-1972. 

2.5  Circulating  air,  steam,  or  water  flow 
adjustments. 

2.5.1  Gas  fueled  forced  air  central  fur¬ 
naces  (including  direct  vent  systems). 

Adjust  the  external  static  pressure  and  air 
flow  rate  as  specified  in  sections  2.1.11, 
2.1.12,  and  2.1.13  of  ANSI  Standard  Z2147- 
1973.  Measure  outlet  air  temperature  in  ac¬ 
cordance  with  section  2.1.9  of  the  same 
standard. 

2.5.2  Gravity  central  furnaces  (including 
direct  vent  systems).  Maintain  the  air  flow 
rate  through  the  furnace  such  that  the 
average  normal  air  temperature  rise  at 
steady-state  is  not  greater  than  130°  F  above 
the  inlet  air  temperature  when  the  furnace 
is  equipped  with  the  vertical  test  plenum  of 
extended  casing  and  horizontal  test  ducts  as 
described  in  section  2.1.1.  Measure  the 
outlet  air  temperature  as  specified  in  sec¬ 
tion  2.9.1  of  ANSI  Standard  Z21.47-1973. 
Measure  the  inlet  air  temperature  measured 
at  the  center  of  the  plane  of  each  inlet  air 
opening  by  means  of  a  single  No.  24  Ameri¬ 
can  Wire  Gauge  (AWG)  thermocouple,  suit¬ 
ably  shielded  from  direct  radiation. 


2.5.3  Oil  fueled  forced  air  central  fur¬ 
naces  (Including  direct  vent  systems). 
Adjust  the  external  static  pressure  and  air 
flow  rate  as  specified  in  table  5  and  section 
6.2  of  ANSI  Standard  Z91. 1-1972. 

2.5.4  Gas  and  oil  fueled  low  pressure 
steam  and  hot  water  boilers  (including 
direct  vent  systems).  For  hot  water  boilers, 
adjust  the  water  flow  rate  to  produce  a 
water  temperature  rise,  during  steady-state 
operation,  of  between  120°  F  (48.9  C)  and 
165°  F  (73  9  C)  and  an  outlet  water  tempera¬ 
ture  of  200°  F  (93.3  C)  plus  or  minus  5°  F 
(2.8  C).  For  steam  boilers,  conduct  the 
steady-state  performance  test  described  in 

3.1  at  atmospheric  pressure  or  at  a  pressure 
not  exceeding  2  psig. 

2.5.5  Electric  central  furnaces.  Use  the 
air  quantity  and  pressures  specified  by  the 
Air  Conditioning  and  Refrigeration  Insti¬ 
tute  (ARI)  Standard  280-74,  section  6.2.1 
and  6.2.3. 

2.5.6  Electric  boilers.  Adjust  the  flow  of 
water  or  steam  as  specified  in  section  2.5.4 
for  gas  and  oil  fueled  boilers. 

2.6  Location  of  temperature  measuring 
instrumentation. 

2.6.1  Gas  fueled  gravity  furnaces,  forced 
air  furnaces,  and  boilers  (including  direct 
vent  systems).  For  units  employing  an  inter- 
gral  draft  diverter,  install  nine  thermocou¬ 
ples,  wired  in  parallel,  in  a  horizontal  plane 
in  the  5-foot  test  stack  located  1  foot  from 
the  test  stack  inlet.  Equalize  the  length  of 
all  thermocouple  leads  before  paralleling. 
Arrange  the  thermocouples  in  a  grid  with 
one  thermocouple  in  the  center  of  the  test 
stack,  and  eight  thermocouples  along  imagi¬ 
nary  lines  intersecting  at  right  angles  in  the 
horizontal  plane  at  points  one-third  and 
two-thirds  of  the  distance  betweeen  the 
center  of  the  pipe  and  the  pipe  wall. 

For  units  which  employ  a  draft  hood,  or  a 
direct  vent  system  which  does  not  signifi¬ 
cantly  preheat  the  incoming  combustion  air, 
install  nine  thermocouples,  wired  in  paral¬ 
lel,  in  a  horizontal  plane  located  within  12 
inches  (304.8  mm)  of  the  furnace  or  boiler 
outlet,  and  upstream  of  the  draft  hood  on 
units  so  equipped.  Equalize  the  length  of  all 
thermocouple  leads  before  paralleling  and 
arrange  the  thermocouples  as  described 
above. 

For  funaces  or  boilers  which  employ 
direct  vent  systems  that  significantly  pre¬ 
heat  the  incoming  combustion  air,  install 
nine  thermocouples,  wired  in  parallel,  in  a 
plane  parallel  to  and  located  within  6  inenes 
(152.4  mm)  of  the  vent/air  intake  terminal. 
Equalize  the  length  of  all  thermocouple 
leads  before  paralleling  and  arrange  the 
thermocouples  as  described  above. 

Use  bead-type  thermocouples  having  wire 
size  not  greater  than  No.  24  AWG.  If  there 
is  a  possibility  that  the  thermocouples  could 
receive  direct  radiation  from  the  flame,  in¬ 
stall  radiation  shields  on  the  flame  side  of 
the  thermocouples  only  and  position  the 
shields  so  that  they  do  not  touch  the  ther¬ 
mocouple  junctions. 

Locate  the  thermocouples  used  for  meas¬ 
uring  conditioned  warm  air  as  described  in 
ANSI  Z21.47-I973,  sections  2.1.9  and  2.9.1. 
Measure  the  temperature  of  the  inlet  air  by 
means  of  a  single  No.  24  AWG  bead-type 
thermocouple,  suitably  shielded  from  direct 
radiation  and  located  in  the  center  of  the 
plane  of  each  inlet  air  opening. 

Measure  the  inlet  and  outlet  water  tem¬ 
perature  on  gas  fueled  hot  water  boilers  as 
shown  in  figure  3  of  ANSI  Standard  Z21.13- 
1974. 

2.6.2  Oil  fueled  forced  air  central  fur¬ 
naces  and  boilers  (.including  direct  vent  sys¬ 


tems).  Install  nine  thermocouples,  wired  in 
parallel  and  having  equal  length  leads,  in  a 
plane  perpendicular  to  the  axis  of  the  flue 
pipe.  For  systems  other  than  direct  vent  sys¬ 
tems  which  significantly  preheat  the  incom¬ 
ing  air,  locate  this  plane  at  the  position  of 
the  single  thermocouple  shown  in  figure  2 
of  ANSI  Standard  Z91. 1-1972.  For  direct 
vent  systems  which  significantly  preheat 
the  incoming  air,  locate  the  plane  within  6 
inches  (152.4  mm)  of  the  outlet  of  the  vent/ 
air  intake  terminal.  Arrange  the  thermocou¬ 
ples  as  described  in  section  2.6.1. 

Use  bead-type  thermocouples  having  a 
wire  size  not  greater  than  No.  24  AWG.  If 
there  is  a  possibility  that  the  thermocouples 
could  receive  direct  radiation  from  the 
flame,  install  radiation  shields  on  the  flame 
side  of  the  thermocouples  only  and  position 
the  shields  so  that  they  do  not  touch  the 
thermocouple  junctions. 

Locate  the  thermocouples  for  measuring 
conditioned  warm  air  as  described  in  section 

6.2  of  ANSI  Standard  Z91.1-1972.  Measure 
the  temperature  of  the  inlet  air  by  means  of 
a  single  thermocouple,  suitably  shielded 
from  direct  radiation  and  located  in  the 
center  of  the  plane  of  each  inlet  air  open¬ 
ing. 

Measure  the  inlet  and  outlet  water  tem¬ 
peratures  on  oil  fueled  hot  water  boilers  as 
described  in  section  7.4  and  figure  2  of  the 
January  1977  edition  of  the  Hydronic  Insti¬ 
tute  Standard  “Testing  and  Rating  Stand¬ 
ard  for  Cast  Iron  and  Steel  Heating  Boil¬ 
ers.” 

2.6.3  Electric  furnaces.  Install  nine  ther¬ 
mocouples,  wired  in  parallel  and  having 
equal  length  leads,  as  shown  in  figure  1  of 
ARI  Standard  280-74,  for  measuring  the 
conditioned  warm  air  temperature.  Estab¬ 
lish  the  *  ’mperature  of  the  inlet  air  by 
means  of  a  single  thermocouple  suitably 
shielded  from  radiation  and  located  in  the 
center  of  the  plane  of  each  inlet  air  open¬ 
ing.  Use  bead-type  thermocouples  having  a 
wire  size  not  greater  than  No.  24  AWG. 

2.6.4  Electric  boilers.  Measure  the  inlet 
and  outlet  water  temperatures  on  electric 
hot  water  boilers  as  specified  in  section  2.6.2 
for  oil  fueled  hot  water  boilers. 

2.7  Combustion  measurement  instrumen¬ 
tation.  Analyze  the  samples  of  stack  and 
flue  gases  for  furnaces  and  determine  the 
concentration  by  volume  of  carbon  dioxide 
present  in  the  dry  stack  or  flue  gas,  with  in¬ 
strumentation  providing  readings  with  an 
accuracy  of  ±0.1  percentage  points. 

2.8  Energy  flow  instrumentation.  Install 
one  or  more  instruments,  which  measure,  as 
appropriate,  the  rate  of  electrical  energy 
combustion,  gas  flow,  or  fuel  oil  supplied  to 
the  furnace  or  boiler,  with  an  error  no 
greater  than  one  percent. 

2.9  Room  ambient  temperature.  During 
the  time  period  required  to  perform  all  the 
testing  and  measurement  procedures  speci¬ 
fied  in  section  3.0,  maintain  the  room  tem¬ 
perature  within  ±5°  F  (  +  2.8  C)  of  the  value 
Tra  measured  during  the  steady  state  per¬ 
formance  test.  During  these  tests,  the  room 
temperature  may  not  exceed  100°  F  (37.8  C) 
or  fall  below  65°  F  (18.3  C).  Use  the  proce¬ 
dure  outlined  in  section  2.1.14  of  ANSI 
Standard  Z21.47-1973  to  measure  room  tem¬ 
perature. 

2.10  Equipment  used  to  measure  mass 
flow  rate  in  flue  and  stack.  The  tracer  gas 
chosen  for  this  task  should  have  a  density 
which  is  less  than  or  approximately  equal  to 
the  density  of  air.  Use  a  gas  that  is  of  a  dif¬ 
ferent  chemical  species  or  different  concen¬ 
tration  from  the  flue  gas  to  be  measured 
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and  unreactive  with  the  environment  to  be 
encountered.  Using  instrumentation  of 
either  the  batch  or  continuous  type,  meas¬ 
ure  the  concentration  of  tracer  gas  with  an 
accuracy  of  ±2  percent  of  the  value  of  the 
concentration  measured. 

3.0  Testing  and  measurements. 

3.1  Steady-State  testing. 

3.1.1  Gas  fueled  gravity  furnaces,  forced 
air  central  furnaces,  and  low  pressure  steam 
and  hot  water  boilers  ( including  direct  vent 
systems).  The  following  procedure  is  to  be 
used  for  gas  fueled  gravity  furnaces,  forced 
air  central  furnaces,  and  boilers  (including 
direct  vent  systems). 

Set  up  the  furnace  or  boiler  as  specified  in 
sections  2.1.,  2.2,  and  2.3.  Begin  the  steady- 
state  performance  test  by  operating  the 
burner  and  the  circulating  air  blower  or 
water  pump,  with  the  adjustments  specified 
by  2.4.1  and  2.5,  until  steady -state  condi¬ 
tions  are  attained  as  indicated  by  a  tempera¬ 
ture  variation  of  not  more  than— (1)  3°  P 
(1.70  in  the  stack  gas  temperature  for  fur¬ 
naces  and  boilers  equipped  with  draft  di¬ 
verters  (2)  5*  P  (2.80  in  the  flue  gas  tem¬ 
perature  for  furnaces  and  boilers  equipped 
with  either  draft  hoods,  or  direct  vent  sys¬ 
tems,  and  (3)  4'  F  (2.20  in  the  outlet  water 
temperature  for  hot  water  boilers;  in  three 
successive  readings  taken  15  minutes  apart. 

On  units  employing  draft  diverters,  meas¬ 
ure  the  room  temperature  (T**)  as  described 
in  2.9  and  measure  the  steady-state  stack 
gas  temperature  (Ts.«  x)  using  the  nine  ther¬ 
mocouples  located  in  the  5  foot  test  stack  as 
described  in  2.6.1.  Secure  a  sample  of  the 
stack  gases  in  the  plane  where  Ts.ss  x  is 
measured  and  determine  the  concentration 
by  volume  of  carbon  dioxide  (Xcoa.g)  present 
in  dry  stack  gas. 

On  units  employing  draft  hoods  or  direct 
vent  systems,  measure  the  room  tempera¬ 
ture  (T*a)  as  described  in  2.9  and  measure 
the  steady-state  flue  gas  temperature, 
CIYss.x)  using  the  nine  thermocouples 
located  in  the  flue  pipe  as  described  in 
Section  2.6.1.  Secure  a  sample  of  the 
flue  gas  in  the  plane  of  temperature 
measurement  and  determine  the  con¬ 
centration  by  volume  of  COt(Xcoi.p) 
present  in  dry  flue  gas. 

Determine  the  steady-state  heat  input 
rate  (Qto),  including  pilot  gas,  by  multiply¬ 
ing  the  measured  higher  heating  value  of 
the  test  gas  by  the  steady-state  gas  input 
rate  corrected  to  standard  conditions  of  60" 
F  and  30  inches  of  mercury.  Use  measured 
values  of  gas  temperature  and  pressure  at 
the  meter  and  the  barometric  pressure  to 
correct  the  metered  gas  flow  rate  to  stand¬ 
ard  conditions. 

Measure  the  steady -state  electric  power  to 
the  power  burner  (PE)  on  units  so  equipped. 
For  furnaces,  measure  the  steady-state  elec¬ 
trical  power  to  the  conditioned  air  blower 
(BE).  For  hot  water  boilers,  use  a  steady 
state  water  pump  power  of  0.13kW. 

After  the  above  test  measurements  have 
been  complete  on  units  employing  integral 
draft  diverters,  secure  a  sample  of  the  flue 
gases  at  the  inlet  to  the  draft  diverter  and 
determine  the  concentration  of  CO.  (Xo,».F) 
present.  In  obtaining  this  sample  of  flue 
gas,  move  the  sampling  probe  around  to 
assure  that  an  average  value  is  obtained  for 
the  CO,  concentration.  For  units  with  multi¬ 
ple  heat  exchanger  outlets,  draw  and  weight 
a  sample  from  each  outlet,  to  obtain  the 
average  CO,  concentration  for  the  unit. 
Block  the  draft  diverter  relief  opening  and 
cover  the  draft  diverter  and  flue  gas  collec¬ 
tion  box  (on  a  power  vented  unit)  with  insu¬ 
lation  having  an  R  value  no  less  than  7  (°F- 


HR— ftVBtu)  and  an  outer  layer  of  alumi¬ 
num  foil.  If  the  unit  is  turned  off  during  the 
process  of  blocking  the  diverter  relief  open¬ 
ing,  run  it  until  steady-state  conditions  (as 
defined  above)  are  again  achieved.  Progres¬ 
sively  restrict  the  test  stack  outlet  until  the 
concentration  of  CO,  in  flue  gas  samples  se¬ 
cured  from  the  test  stack  in  the  plane  where 
Ts  ss.x  was  measured  is  within  ±0.2  percent¬ 
age  points  of  the  previously  determined 
value  of  Xco,.p.  Measure  the  flue  gas  tem¬ 
perature  (Tr.ss)  using  the  nine  thermocou¬ 
ples  located  in  the  5  foot  test  stack  as  de¬ 
scribed  in  2.6.1. 

3.1.2  Oil  fueled  forced  air  central  fur¬ 
naces  and  low  pressure  steam  and  hot  water 
boilers  (including  direct  vent  systems).  Set 
up  and  adjust  the  furnace  or  boiler  as  speci¬ 
fied  in  sections  2.1,  2.2  and  2.3.4.  Begin  the 
steady-state  performance  test  by  operating 
the  burner  and  the  circulating  air  blower  or 
water  pump  with  the  adjustments  specified 
by  2.4.2  and  2.5  until  steady-state  conditions 
are  attained  as  indicated  by  a  temperature 
variation  of  not  more  than— (1)  5*  F  (2.80 
in  the  flue  gas  temperature  for  furnaces  and 
boilers  and  (2)  4°  F  (2.20  in  the  outlet 
water  temperature  for  hot  water  boilers;  in 
three  successive  readings  taken  15  minutes 
apart. 

Smoke  in  the  flue  for  units  equipped  with 
power  burners,  may  not  exceed  a  No.  1 
smoke  during  the  steady-state  performance 
test  as  measured  by  the  procedure  described 
in  ANSI  Standard  Zll.  182-1975  (R1971) 
(ASTM  D  2156-65  (1970)).  Maintain  the 
average  draft  over  the  fire  and  in  the 
breeching  during  the  steady-state  perform¬ 
ance  test  at  that  recommended  by  the  man¬ 
ufacturer.  Draft  fluctuations  may  not 
exceed  0.005  inches  of  water  gauge. 

Measure  the  room  temperature  (T**)  as 
described  in  2.9  and  measure  the  steady 
state  flue  gas  temperature  (TF.ss)  using  nine 
thermocouples  located  in  the  flue  pipe  as 
described  in  2.6.1.  Secure  a  sample  of  the 
flue  gas  in  the  plane  of  temperature  mea¬ 
surement  and  determine  the  concentration 
by  volume  of  CO,  (Xco«,F)  present  in  dry  flue 
gas. 

Measure  and  record  the  steady-state  heat 
input  rate  (Q,„)  and  the  steady -state  electri¬ 
cal  power  to  the  power  burner  (PE)  on  units 
so  equipped.  For  -furnaces,  measure  the 
steady-state  electrical  power  to  the  condi¬ 
tioned  air  blower  (BE).  For  hot  water  boil¬ 
ers,  use  a  steady-state  water  pump  power  of 
BE=0.13  kW. 

3.1.3  Electric  forced  air  central  furnaces. 
Measure  the  rated  power  input  (E„,)  of  elec¬ 
tric  furnaces  according  to  the  test  procedure 
specified  in  ARI  Standard  280-74,  section 
5.1.  Take  all  measurements  at  the  standard 
rating  condition  described  in  6.2.1  of  ARI 
Standard  280-74.  Supply  electricity  as  speci¬ 
fied  in  section  2.3.5  of  this  appendix. 

3.1.4  Electric  boilers.  Adjust  flow  condi¬ 
tions  as  specified  in  section  2.5.4.  Maintain 
electrical  supply  as  specified  in  section  2.3.5. 
Operate  the  boiler  until  steady  state  condi¬ 
tions  are  reached  as  indicated  in  section  1.2 
of  this  appendix.  Take  three  measurements 
of  the  total  power  input  to  the  boiler  each 
at  a  10-minute  interval,  and  average  the 
measurements  to  find  the  rated  power  input 
<E,n). 

3.2  Flue  temperature  measurements— cool 
down  test 

3.2.1  Gas  and  oil  fuel  gravity  and  forced 
air  central  furnaces  (including  direct  vent 
systems).  Turn  off  the  main  burner  after 
steady-state  testing  is  completed,  and  meas¬ 
ure  the  flue  gas  temperature,  by  means  of 
the  9  thermocouples  described  above,  at  1.5 


(TF.0FF<t,))  and  9.0  minutes  (TF0Fr(t.))  after 
the  burner  shuts  off.  By-pass  the  damper 
control  in  units  employing  stack  dampers 
and  integral  draft  diverter  or  draft  hood  so 
that  the  damper  remains  open  during  the 
cool  down  test. 

During  this  off-period,  allow  a  time  delay, 
t\  between  burner  shut  down  and  blower 
shut  down  of  either  3  minutes  or  until  the 
supply  air  temperature  drops  to  a  value  of 
40"  F  (22.20  above  the  inlet  air  tempera¬ 
ture,  whichever  results  in  the  longest  blower 
on  time.  However,  if  the  furnace  employs  a 
single  motor  to  drive  a  power  burner  and  an 
indoor  air  circulating  blower,  turn  off  the 
blower  and  the  burner  together.  If  the 
blower  delay  time  exceeds  3  minutes,  meas¬ 
ure  the  time  t+  between  burner  shut  off  and 
blower  shut  off  using  a  stop  watch.  For  oil 
fueled  furnaces  not  equipped  with  stack 
dampers,  maintain  the  draft  in  the  flue  pipe 
within  a  range  of  -0.001  and  ±0.005  inches 
of  water  gauge  of  the  average  draft  main¬ 
tained  during  the  steady  state  test  described 
in  3.1  if  the  optional  test  in  3.6  is  being  car¬ 
ried  out,  or  within  ±0.01  inches  of  water 
gauge  of  the  average  steady-state  draft  if  it 
is  not.  For  a  direct  vent  system  with  a  flue 
damper  or  a  furnace  equipped  with  both  a 
stack  damper  and  a  barometric  damper, 
close  the  flue  or  stack  damper  during  the 
cool  down  test.  Keep  the  main  bumer(s)  off 
until  equilibrium  conditions  are  attained,  as 
indicated  by  variations  in  the  flue  gas  tem¬ 
perature  of  not  more  than  3"  F  (1.70  be¬ 
tween  three  successive  readings  taken  15 
minutes  apart.  For  units  employing  a  con¬ 
tinuously  burning  pilot  light,  take  a  third 
flue  gas  temperature  measurement  and  de¬ 
termine  the  off-period  minimum  flue  gas 
temperature  (Tf  oft.  («)).  For  units  not  em¬ 
ploying  a  continuously  burning  pilot  light, 
set  (T,f.off.  ( » ))  equal  to  the  room  tempera¬ 
ture  T*a.  During  this  cool  down  test,  meas¬ 
ure  the  energy  input  rate  to  the  pilot  light 
(QP),  if  the  unit  is  so  equipped,  within  an  ac¬ 
curacy  of  ±3%.  Record  all  measured  values. 

3.2.2  Gas  and  oil  fueled  boilers  (including 
direct  vent  systems).  After  steady -state  test¬ 
ing  has  been  completed,  turn  the  main 
bumer(s)  off  and  measure  the  flue  gas  tem¬ 
perature  at  3.75  (TFr0rF(t,))  and  22.5 
(Tp.opptt,))  minutes  after  the  burner  shuts 
off,  using  the  9  thermocouples  described 
above.  During  this  off -period,  do  not  allow 
water  to  circulate  through  the  hot  water 
boilers.  Make  a  third  flue  gas  temperature 
measurement  45  minutes  after  the  burner 
shuts  off  to  determine  the  off-period  mini¬ 
mum  flue  gas  temperature  (TF0Fr  (*>)). 
During  this  cool-down  test,  measure  the 
energy  input  rate  to  the  pilot  light  (QF),  if 
the  unit  is  so  equipped,  to  within  an  accura¬ 
cy  of  ±3  percent.  Record  all  measured 
values.  For  oil  fueled  units  not  equipped 
with  stack  dampers,  maintain  the  draft  in 
the  flue  within  the  same  ranges  called  out 
in  section  3.2.1  above.  For  direct  vent  sys¬ 
tems  with  flue  dampers  or  boilers  equipped 
with  both  stack  dampers  and  barometric 
dampers,  close  the  flue  or  stack  damper 
during  the  cool  down  test. 

3.3  Flue  gas  temperature  measurements— 
Heat-up  test 

3.3.1  Gas  and  oil  fueled  central  furnaces 
(including  direct  vent  systems).  After  equi¬ 
librium  conditions  are  achieved  following 
the  cool-down  test  and  the  required  mea¬ 
surements  performed,  turn  on  the  furnace 
and  measure  the  flue  gas  temperature  using 
the  9  thermocouples  described  above,  at  0.5 
<TF.0N<ti))  and  2.5  (TF0N<ti))  minutes  after 
the  main  burner(s)  comes  on.  After  the 
burner  start-up,  delay  the  blower  start-up 
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by  1.5  minutes  (t~),  unless— (1)  the  furnace 
employs  a  single  motor  to  drive  the  power 
burner  and  the  indoor  air  circulating 
blower,  in  which  case  the  burner  and  blower 
shall  be  started  together  or  (2)  the  delay 
time  would  result  in  the  activation  of  a  tem¬ 
perature  safety  device  which  shuts  off  the 
burner,  in  which  case  the  fan  control  shall 
be  permitted  to  start  the  blower.  In  the 
latter  case,  if  the  fan  control  is  adjustable, 
set  it  to  start  the  burner  at  the  highest  tem¬ 
perature.  If  the  fan  control  is  permitted  to 
start  the  blower,  measure  the  time  delay,  t", 
using  a  stop  watch.  Record  the  measured 
temperatures.  During  the  heat  up  test  for 
oil  fueled  furnaces,  maintain  the  draft  in 
the  flue  pipe  within  ±0.01  inches  of  water 
gauge  of  the  manufacturer’s  recommended 
on-period  draft. 

3.3.2  Gas  and  oil  fueled  boilers  (including 
direct  vent  systems).  Fifty  minutes  after  the 
main  bumer(s)  is  turned  off  for  the  cool 
down  test,  turn  on  the  steam  or  hot  water 
boiler  and  measure  the  flue  gas  temperature 
using  the  9  thermocouples  described  above, 
at  1.0  (TF.0N(ti))  and  5.5  (TF.0N(ta))  minutes 
after  the  main  bumer(s)  comes  on.  Start 
the  pump  circulating  the  water  through  the 
hot  water  boiler  simultaneously  with  the 
main  bumer(s)  and  maintain  the  water  flow 
rate  at  that  maintained  during  the  steady 
state  test  described  in  Section  3.1.  During 
the  heat  up  test  for  oil  fired  boilers,  main¬ 
tain  the  draft  in  the  flue  pipe  within  ±0.01 
inches  of  water  column  of  the  manufactur¬ 
er’s  recommended  on-period  draft.  Record 
the  measured  temperatures. 

3.4  Jacket  loss  measurement  For  units 
intended  to  be  installed  outdoors  or  in  a  un¬ 
heated  space  perform  a  jacket  loss  test. 
Measure  the  jacket  loss  (L,)  in  accordance 
with  the  following  ANSI  standards  and 
record  the  total  loss  and  ambient  room  tem¬ 
perature  during  the  test: 

(i)  Gas  fueled  gravity  and  forced  air  cen¬ 
tral  furnaces— Z21.47-1 973,  section  2.9.1  and 
appendix  F. 

(ii)  Gas  and  oil  fueled  low  pressure  steam 
and  hot  water  boilers— ANSI  Z21.47-1973, 
section  2.9.1  and  appendix  F. 

(iii)  Oil  fueled  forced  air  central  fur¬ 
naces—  Z91. 1-1972,  appendix  B. 

3.5  Measurement  for  determining  effec¬ 
tiveness  of  automatic  stack  damper.  Meas¬ 
ure  the  cross  sectional  area  of  the  stack 
(As),  the  net  area  of  the  damper  plate  (A0) 
(the  area  of  the  damper  plate  minus  the 
area  of  any  holes  in  the  plate),  and  the 
angle  (fl)  the  damper  plate  makes,  when 
closed,  with  a  plane  perpendicular  to  the 
axis  of  the  stack. 

3.6  Optional  procedure  for  determining 
Dp,  Dr,  Ds  for  systems  equipped  with  power 
burners.  On  power  burner  systems  not  em¬ 
ploying  automatic  stack  dampers,  or  power 
burner  systems  with  a  stack  damper  and  a 
draft  diverter  or  draft  hood,  measure  D„ 
(the  ratio  of  gas  mass  flow  rate  through  the 
flue  during  the  off-cycle  to  the  gas  mass 
flow  rate  though  the  flue  during  the  on- 
cycle  at  identical  temperatures)  during  the 
cool  down  test  described  in  Section  3.2.  Gn 
systems  for  which  the  flue  or  stack  damper 
is  to  be  closed  during  the  cool  down  test  de¬ 
scribed  in  section  3.2,  measure  DP  (the  ratio 
of  the  rate  of  flue  gas  mass  flow  through 
the  furnace  during  the  off-period  to  the 
rate  of  flue  gas  mass  flow  through  the  fur¬ 
nace  during  the  on-period)  during  a  sepa¬ 
rate  cool  down  test.  Conduct  this  separate 
cool  down  test  after  the  heat  up  test  de¬ 
scribed  in  section  3.3  is  completed  by  run¬ 
ning  the  unit  after  the  heat  up  test  until 


steady-state  conditions  are  reached,  as  indi¬ 
cated  by  a  temperature  variation  of  not 
more  than— (1)  5”  F  (2.8  C)  in  the  flue  gas 
temperature  for  furnaces  and  boilers,  and 
(2)  4°  F  (2.2  C)  in  the  outlet  water  tempera¬ 
ture  for  hot  water  boilers;  in  three  succes¬ 
sive  readings  taken  15  minutes  apart,  and 
then  shutting  the  unit  off  with  the  stack  or 
flue  damper  controls  by-passed  or  adjusted 
so  that  the  stack  or  flue  damper  remains 
open  during  the  resulting  cool  dowm  period. 
If  a  draft  was  maintained  on  oil  furled  units 
in  the  flue  pipe  during  the  steady-state  per¬ 
formance  test  described  in  section  3.1  main¬ 
tain  the  same  draft  (within  0.001  and 
+0.005  inches  of  water  gauge  of  the  average 
steady-state  draft)  during  this  cool  down 
period.  Measure  the  flue  gas  mass  flow  rate 
(mF,onr)  during  the  cool  down  test  described 
above  at  a  specific  off-period  flue  gas  tem¬ 
perature  and  correct  to  obtain  its  value  at 
the  steady-state  flue  gas  temperature  (TF.SS), 
using  the  procedure  described  below. 

Within  1  minute  after  the  unit  is  shut  off 
to  start  the  cool  down  test  for  determining 
Dr,  begin  feeding  a  tracer  gas  into  the  com¬ 
bustion  chamber  at  a  constant  flow  rate  of 
VT,  and  at  a  point  which  will  allow  for  the 
best  possible  mixing  with  the  air  flowing 
through  the  chamber.  (On  units  equipped 
with  an  oil  fired  power  burner  the  best  loca¬ 
tion  for  injecting  this  tracer  gas  appears  to 
be  through  a  hole  drilled  in  the  air  tube). 
Periodically  measure  the  value  of  VT  with 
an  instantaneously  reading  flow  meter 
having  an  accuracy  of  ±3  percent  of  the 
quantity  measured  and  maintain  that  value 
at  less  than  1  percent  of  the  air  flow  rate 
through  the  furnace.  If  a  combustible  tracer 
gas  is  used,  there  should  be  a  delay  period 
between  the  time  the  unit  is  shut  off  and 
the  time  the  tracer  gas  is  first  injected  to 
prevent  ignition  of  the  tracer  gas. 

Between  5  and  6  minutes  after  the  unit  is 
shut  off  to  start  the  cool  down  test,  measure 
the  flue  gas  temperature,  TF.*0FF,  using  the  9 
thermocouples  described  above.  At  the  same 
time  the  flue  gas  temperature  is  measured, 
measure  the  percent  volumetric  concentra¬ 
tion  of  tracer  gas,  CT,  in  the  flue  gas  in  the 
same  plane  where  Tf.*0ff.  is  determined. 
Obtain  the  concentration  of  tracer  gas  using 
an  instrument  which  will  result  in  an  accu¬ 
racy  of  ± 2  percent  in  the  measured  value  of 
CT.  If  the  use  of  a  continuous  readings  type 
instruments  results  in  a  delay  time  between 
drawing  of  a  sample  and  its  analysis,  take 
this  delay  into  account  so  the  temperature 
measurement  and  the  measurement  of 
tracer  gas  concentration  coincide.  Deter¬ 
mine  the  temperature  of  the  tracer  gas  en¬ 
tering  the  flow  (Tt)  and  the  barometric 
pressure  (PB). 

The  rate  of  the  flue  gas  mass  flow 
through  the  furnace  and  the  (actors  DP,  DF, 
and  Ds  are  calculated  by  the  equations  in 
sections  4.4.1,  4.4.2,  and  4.4.3  of  this  appen¬ 
dix. 

4.0  Calculation  of  derived  results  from 
test  measurements. 

4.1  Annual  fuel  utilization  efficiency  for 
electric  furnaces  and  boilers.  The  annual 
fuel  utilization  efficiency  for  electric  fur- 
naces  and  boilers,  EFFYa-e,  is  given  by: 

EFFYAE=100  (for  indoor  units). 

EFFYa-e= 100—3.3  L,  (for  electric  forced 
air  central  furnaces  intended  for  out¬ 
door  installation). 

EFFYa--e= 100-4.7  L,  (for  electric  boilers 
intended  for  outdoor  installation), 
where 

L,=the  jacket  loss  as  determined  in  sec¬ 
tion  3.4  of  this  Appendix,  in  percent. 


4.2  Annual  fuel  utilization  efficiency  for 
gas  or  oil  furnaces.  Perform  the  following 
calculations  to  determine  the  annual  fuel 
utilization  efficiency  of  a  gas  or  oil  furnace. 
Figure  10  provides  an  illustration  of  a  work¬ 
sheet  which  may  be  used  to  tabulate  the  re¬ 
sults  of  test  measurements  and  calculations. 

4.2.1  System  number.  Determine  the 
system  number  for  the  type  of  furnace 
being  tested  in  accordance  with  table  1  or  2. 

4.2.2  Ration  of  combustion  air  to  stoi¬ 
chiometric  air.  Determine  the  ratio  of  com¬ 
bustion  air  mass  flow  rate  of  stoichiometric 
air  mass  flow  rate,  RT.F,  for  the  test  fuel 
from  Figure  1  by  using  the  value  of  dry  flue 
gas  COi  concentration,  Xco>.F,  determined  in 
accordance  with  section  3.1  of  this  appen¬ 
dix. 

4.2.3  Ratio  of  combustion  and  relief  air 
to  stoichiometric  air.  For  a  system  employ¬ 
ing  an  integral  draft  diverter,  or  draft  hood, 
determine  the  ratio  of  the  sum  of  combus¬ 
tion  and  relief  air  mass  flow  rate  stoichio¬ 
metric  air  mass  flow  rate,  Rt.s,  from  figure  1 
for  the  type  of  test  fuel,  by  using  the  value 
of  dry  stack  gas  COi  concentration,  Xc02s, 
determined  in  accordance  with  section  3.1  of 
this  appendix. 

4.2.4  Average  sensible  heat  loss  at  full¬ 
load  steady  state  operation.  For  a  system 
employing  an  integral  draft  diverter,  deter¬ 
mine  the  average  sensible  heat  loss  at  full¬ 
load  steady-state  operation,  Ls.ss  A,  expressed 
as  a  percent,  from  figure  2  using  the  value 
of  Rr,g  determined  in  4.2.3,  the  type  of  test 
fuel,  and  ATS.SS,  where 

ATg,gs=Tg,ss.x-RA 

where: 

Ts.ss  *= measured  stack  gas  temperature  at 
fuli  lead  steady-state  operation  deter¬ 
mined  in  accordance  with  section  3.1  of 
this  appendix,  in  degrees  Fahrenheit. 

TRA= measured  room  temperature  of  con¬ 
ditioned  space  in  which  furnace  or  boiler 
is  tested,  determined  in  accordance  with 
section  2.9  of  this  appendix,  in  degrees 
Fahrenheit. 

For  systems  not  employing  an  integral 
draft  diverter,  determine  the  average  sensi¬ 
ble  heat  loss  at  full-load  steady-state  oper¬ 
ation,  Ls  ss  A.  expressed  as  a  percent,  from 
figure  2  using  the  value  of  RT’F  determined 
in  4.2.2,  the  type  of  test  fuel,  and  ATC.SS' 
where: 

ATfss=Tf,„-Tra 

where: 

TFSS=flue  gas  temperature  at  full-load 
steady-state  operation  determined  in  ac¬ 
cordance  with  section  3.1  of  this  appen¬ 
dix,  in  degrees  Fahrenheit. 

Tra  as  defined  above. 

4.2.5  Steady  state  efficiency.  Calculate 
the  steady-state  efficiency  (excluding  jacket 
loss),  rjss'  expressed  in  percent  and  defined 
as 

1)53=100  —  Ll.A  —  Ls.SS.  A 

where: 

Ll.  a = average  latent  heat  loss  of  the  test 
fuel  determined  in  accordance  with 
Table  3,  in  percent. 

Ls.ss  a= as  defined  in  4.2.4 

4.2.6  Average  ration  of  stack  gas  mass 
flow  rate  to  flue  gas  mass  flow  rate  at  full¬ 
load  steady-state  operation.  Determine  the 
average  ration  of  stack  gas  mass  flow  rate  to 
flue  gas  mass  flow  rate  at  full-load  steady- 
state  operation,  S/F,  for  the  system  number 
to  be  tested  from  table  1  or  2. 

4.2.7  Equivalent  field  stack  gas  tempera¬ 
ture  at  full-load  steady-state  operation.  Cal¬ 
culate  the  equivalent  field  stack  gas  tem- 
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per&ture  at  full-load  steady-state  operation, 
Tg.n,  expressed  in  degrees  Fahrenheit  and 
defined  as: 


T  =  1  [T  -  T  1  +  T 

S,SS  s7f  F,SS  RA  RA, 


where: 

Tr.  ss  as  defined  in  4.2.4. 

T*a  as  defined  in  4.2.4. 

S/F  as  defined  in  4.2.6. 

4.2.8  On-cycle  time  constant.  Calculate 
the  on-cycle  time  constant,  ron,  expressed  in 
minutes  and  defined  as: 


t  t 

T  _ 2  1 _ 

on  =  T  -T  (t  ) 

F.SS  F,on  1 

In  T  -T  (t  ) 

F.SS  F,on  2 


where: 

for  furnaces: 
ta=1.5  minutes. 
t«=9.0  minutes. 

for  boilers: 
t»=3.75  minutes. 
t«=22.5  minutes. 

TF.oFF<t»)=flue  gas  temperature  measured 
at  time  (t,)  after  shut-down  from  steady- 
state  operation  of  the  system  burner  de¬ 
termined  in  accordance  with  section  3.2 
of  this  appendix,  in  degrees  Fahrenheit. 

TF.0ir(t.)=flue  gas  temperature  measured 
at  time  (t«)  after  shut-down  from  steady- 
state  operation  of  the  syst  em  burner  de¬ 
termined  in  accordance  with  section  3.2 
of  this  appendix,  in  degrees  Fahrenheit. 

Tf.0Ff(«)= minimum  flue  gas  temperature 
determined  in  accordance  with  section 
3.2  of  this  appendix,  in  degrees  Fahren¬ 
heit. 

4.2.11  Effective  flue  gas  temperature  dif¬ 
ference  at  shut-down.  Calculate  the  effec¬ 
tive  flue  gas  temperature  difference  at  shut¬ 
down  of  the  system  burner,  i|»F.o.x.  expressed 
in  degrees  Fahrenheit  and  defined  as: 


where: 

for  furnaces: 
ti=0.5  minutes. 
ts=2.5  minutes. 

for  boilers: 
t,=1.0  minute. 
t*=5.5  minutes. 

TF.otl(t,)=flue  gas  temperature  measured 
at  time  (ti)  from  start-up  of  the  system 
burner  determined  in  accordance  with 
section  3.3  of  this  appendix,  in  degrees 
Fahrenheit. 

TF.on(t,)=flue  gas  temperature  measured 
at  time  (t,)  from  start-up  of  the  system 
burner  determined  in  accordance  with 
section  3.3  of  this  appendix,  in  degrees 
Fahrenheit. 

Tp.  ss  as  defined  in  4.2.4. 

4.2.9  Effective  flue  gas  temperature  dif¬ 
ference  at  startup.  Calculate  the  effective 
flue  gas  temperature  difference  at  start-up 
of  the  system  burner,  6F  0.x.  expressed  in  de¬ 
grees  Fahrenheit  and  defined  as: 


where: 

Tp.sg  as  defined  in  4.2.4. 

Tp.  on(ti)  as  defined  in  4.2.8. 
ti  as  defined  in  4.2.8. 

^  as  defined  in  4.2.8. 

4.2.10  Off -cycle  time  constant.  Calculate 
the  off-cycle  time  constant,  t,*,,  expressed  in 
minutes  and  defined  as: 


t 

3 


(,  =  T  <t  )  -  T  («•  )  e 

F,0,X  F.OFF  3  F.OFF 


where: 

Tp.OFF(ts)  as  defined  in  4.2.10. 

Tp.OFF( » )  as  defined  in  4.2.10. 
t*  as  defined  in  4.2.10. 
r0pp  as  defined  in  4.2.10. 

4/2/12  Minimum  flue  gas  temperature 
difference  above  room  temperature.  Calcu¬ 
late  the  minimum  flue  gas  temperature  dif¬ 
ference  above  room  temperature,  i|<p.®.x.  ex¬ 
pressed  in  degrees  Fahrenheit  and  defined 
as: 


't'f.  0Ox  =  TF,Opp(  00  )— Tra 


where: 

Tp.oFri  oo )  as  defined  in  4.2.10. 

Tr*  as  defined  in  4.2.4. 

4.2.13  Minimum  stack  gas  temperature 
difference  above  room  temperature.  Calcu¬ 
late  the  minimum  stack  gas  temperature 
difference  above  room  temperature,  (j»s.oo.x 
expressed  in  degrees  Fahrenheit  and  de¬ 
fined  as: 

For  systems  numbered  1-4,  and  systems  5- 
8  for  which 


T 


off 

T 

- (TT 

-  T  (»  ) 

In 

F, 

,  OFF  3 

F.OFF 

T 

<t  ) 

-  (T  (« 

.  F, 

,OFF  4 

F.OFF 

*  *  (D  )  (  *  ) 

S,-,X  F  F,»,X 

(S/F)  (D  ) 

S 


For  systems  numbered  5-8  for  which 


D  : 
F 


8.  00  ,X  ~  P.  00  .X 

where: 

DF=off-cycle  flue  gas  draft  factor  selected 
from  table  1  or,  for  units  with  power 
burners  where  DP  is  measured,  deter¬ 
mined  in  accordance  with  section  4.4.2 
of  this  appendix. 

Ds=off -cycle  stack  gas  draft  factor  select¬ 
ed  from  table  1  or,  for  units  with  power 
burners  where  Dp  is  measured,  deter¬ 
mined  in  accordance  with  section  4.4.3 
of  this  appendix. 

S/F  as  defined  in  4.2.6. 

ifip.x.x  as  defined  in  4.2.12. 

4.2.14  Effective  stack  gas  temperature 
difference  at  shut-dowm.  Calculate  the  ef¬ 
fective  stack  gas  temperature  difference  at 
shut-down.  «J»s.o.x.  expressed  in  degrees  Fahr¬ 
enheit  and  defined  as: 

For  systems  numbered  1-4,  and  systems  5- 
8  for  which 


D  : 
F 


* 

s,o,x 


(D  )  U  ) 

F  F,0,X 

(S/F)  (D  ) - 

S 


For  systems  5-8  for  which 


(i)(Ds)-V 


<J»$.o.x=»J»r.o.x 

where: 

Dp  as  defined  in  4.2.13. 

<J*r.o.x  as  defined  in  4.2.11. 

S/F  as  defined  in  4.2.6. 

Ds  as  defined  in  4.2.13. 

T\ir.o.x  as  defined  in  4.2.11. 

4.2.15  Correction  factors  for  systems  9- 
12.  Calculate  a  correction  factor  which  cor¬ 
rects  for  the  use  of  outdoor  air  for  combus¬ 
tion  instead  of  air  at  room  temperature,  C«, 
defined  as; 


(70-42) n 

SS 

1  +  Tt  -T  )  100 

F,  SS  ** 
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where: 

42= average  outdoor  temperature  corre¬ 
sponding  to  5,200  degree  day  location,  in 
degrees  fahren'neit. 

r)ss  as  defined  in  4.2.5. 

Tf.ss  as  defined  in  4.2.4. 

70  assumed  average  indoor  air  tempera¬ 
ture. 

Tr*  as  defined  in  4.2.4. 

The  correction  factor  which  corrects  for 
the  effect  of  outdoor  air  passing  through 
the  heat  exchanger  during  the  off-period, 
C's,  is  defined  as; 

C's=1.22 

4.2.16  Multiplication  factor  for  sensible 
heat  loss  during  burner  on-cycle.  Calculate  a 
multiplication  factor  for  sensible  heat  loss 
during  burner  on-cycle,  Ks.0„,  defined  as: 


K  =  100  C  [l  +  (R  )  (A/f3 
S  ,on  P  -  T,F 

HHV 
A 


where: 

CP=0.24  Btu  per  pound— degree  Fahren¬ 
heit,  specific  heat  of  air. 

Rt.k  as  defined  in  4.2.2. 

A/F= stoichiometric  air/fuel  ratio  deter¬ 
mined  in  accordance  with  Table  3. 

HHVA=average  higher  heating  value  of 
the  test  fuel  determined  in  accordance 
with  Table  3,  in  Btu  s  per  pound. 

4.2.17  Multiplication  factor  for  sensible 
heat  loss  during  burner  off-cycle.  Calculate 
a  multiplication  factor  for  sensible  heat  loss 
during  burner  off-cycle,  Ks.  0Kf,  defined  as: 

For  systems  numbered  1-4: 


1.19 

K  =  IT  -  T  +  530)  (D  )  (K  ) 

S.OFF  F,SS  RA  F  S,on 

- 575? - 

(T  -  T  ) 

F,SS  RA 


where: 

530= assumed  average  indoor  temperature 
in  degrees  Rankine. 

Tr.„  as  defined  in  4.2.4. 

Tra  as  defined  in  4.2.4. 

Df  as  defined  in  4.2.13. 

Ks.on  as  defined  in  4.2.16. 

For  systems  numbered  5-8: 


1.19 

K  »  (T  -T  +530)  (D  )(S/F)(K  ) 

S.OFF  S,SS  RA  S  S,on 

0.56 

(T  -  T  +  70-42) 

S,SS  RA 


where: 

Ts.ss  as  defined  in  4.2.7. 
Ds  as  defined  in  4.2.13. 
Tra  as  defined  in  4.2.4. 
S/F  as  defined  in  4.2.6. 


Ks.on  as  defined  in  4.2.16. 

530  as  defined  above. 

42  as  defined  in  4.2.15. 

70  as  defined  in  4.2.15. 

For  systems  numbered  9-12: 


v  ,m  1.19 

KS,0FF  “  (TF,SS  ■  tRA  +  53°)  (K.  on>  (Dp) 

0.56 

(Vss  -  Tra  +  7°-42» 


w'here: 

Tf.ss  as  defined  in  4.2.4. 

Df  as  defined  in  4.2.13. 

Tra  as  defined  in  4.2.4. 

Ks.on  as  defined  in  4.2.16. 

530  as  defined  above. 

42  as  defined  in  4  2  15. 

70  as  defined  in  4.2.15 

4.2.18  Multiplication  factor  for  infiltra¬ 
tion  loss  during  burner  on-cycle.  Calculate  a 
multiplication  factor  for  infiltration  loss 
during  burner  on-cycle,  K^n.  defined  as: 

For  systems  numbered  1-8: 

K,,on  =  (<J))(S/F)<Ks,.n) 

where: 

4>=0.7,  infiltration  parameter. 

S/F  as  defined  in  4.2  6. 

K*.„»  as  defined  in  4.2.16. 

4.2.19  Multiplication  factor  for  infiltra¬ 
tion  loss  during  burner  off-cycle.  Calculate  a 
multiplication  factor  for  infiltration  loss 
during  burner  off -cycle  Ki.off,  defined  as: 

For  systems  numbered  1-8: 


1.19 

K  =  (T  -  T  +  530)  (K  )  (D  ) 

I, OFF  S.SS  RA  I,oo  S 

- ff75? - 

(T  -  T  +  70-42) 

S,SS  RA 


where: 

Ts.ss  as  defined  in  4.2.7. 

530  as  defined  in  4.2.17. 

42  as  defined  in  4.2.15. 

K|,011  as  defined  in  4.2.18. 

Ds  as  defined  in  4.2.13. 

70  as  defined  in  4.2.15. 

Tra  as  defined  in  4.2.4. 

4.2.20  Ratio  of  average  burner  on-time 
per  cycle  to  on-cycle  time  constant.  Calcu¬ 
late  the  ratio  of  average  burner  on-time  per 
cycle  to  on-cycle  time  constant,  ton/Ton,  de¬ 
fined  as: 

t 

on 

T 

on 

where: 

For  furnaces: 

ton=3.87  minutes,  the  average  burner  on- 
time  per  cycle. 

Ton  as  defined  in  4.2.8. 


For  boilers:  +* 

t071 =9.68  minutes,  the  average  burner  on- 
time  per  cycle. 
t0„  as  defined  in  4.2.8. 

4.2.21  Ratio  of  average  burner  off-time 
per  cycle  to  off-cycle  time  constant.  Calcu¬ 
late  the  ratio  of  average  burner  off-time  per 
cycle  to  off-cycle  time  constant,  ton/ron,  de¬ 
fined  as: 

t 

off 

T 

Off 


where: 

For  furnaces: 

t0„=13.3  minutes,  the  average  burner  off- 
time  per  cycle, 

T0ff  as  defined  in  4.2.10. 

For  boilers: 

toff= 33.26  minutes,  the  average  burner  off- 
time  per  cycle, 

Tof( = as  defined  in  4.2.10. 

4.2.22  Effective  flue  gas  temperature  dif¬ 
ference  at  burner  start-up,  corrected  for 
burner  cycling  effect.  Calculate  the  effec¬ 
tive  flue  gas  temperature  difference  at 
burner  start-up,  corrected  for  burner  cycling 
effect,  0K.o.  expressed  in  degrees  Fahrenheit 
and  defined  as: 

For  systems  1-8: 

®f.o  —  (C,.on)(  iff  o.x) 

For  systems  9-12: 

6f.O  =  (  Ct.on  )(  C,  H  '9  pox  ) 


where: 

0f.o.x  as  defined  in  4.2.9 
Cs  as  defined  in  4.2.15 
•F.O.X  as  defined  in  4.2.11 
tow/ToFF  as  defined  in  4.2.21 
ton/Ton  as  defined  in  4.2.20 
Tf.ss  as  defined  in  4.2.4 
Tf.oit.<  >  as  defined  in  4.2.10 

4.2.23  Effective  flue  gas  temperature  dif¬ 
ference  at  burner  shut-down,  corrected  for 
burner  cycling  effect.  Calculate  the  effec¬ 
tive  flue  gas  temperature  difference  at 
burner  shut-down,  corrected  for  burner  cy¬ 
cling  effect,  <!»f.o. 

For  systems  1-8: 

(Ct.orrH  •I'f.o.x) 


For  systems  9-12: 

^F.O  —  iCt.OFFH Cs‘  X <l<F.O.x) 

where: 

r,  (ft-fo'*^)] 

c  1  °  L1  TW-Tro,-rWl  J _ 

1  -  (grA.ktf 
1 


where: 

,  iW)MWr-" 

c  -  (Jr.*  -  W-N.) 

t,on  4  (Qf.ax)(HV.o.0(e'^^4  WuJ) 

-VH)1 
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where: 

1/if.o.x  as  defined  in  4.2.11. 

Cs  as  defined  in  4.2.15. 

0*.o.x  as  defined  in  4.2.9. 

toFr/r0rr  as  defined  in  4.2.21. 

tan/rm  as  defined  in  4.2.20. 

TV.ss  as  defined  in  4.2.4. 

( » )  as  defined  in  4.2.10. 

Cud=1.  for  units  with  continuously  burn¬ 
ing  pilot  lights,  0.90  for  units  with  inter¬ 
mittent  ignition  devices  or  cycling  pilots. 

4.2.24  Effective  minimum  flue  gas  tem¬ 
perature  difference  above  room  tempera¬ 
ture,  corrected  for  burner  cycling  effect. 
Calculate  the  effective  minimum  flue  gas 
temperature  difference  above  room  tem¬ 
perature,  «J»r.oo,  corrected  for  burner  cycling 
effect,  expressed  in  degrees  Fahrenheit  and 
defined  as: 

For  systems  numbered  1-8: 

0>F.  OC  =  t/<F,  00  .X 

For  systems  numbered  9-12: 

l/*F,00=(Cs  K^f.aO.x) 

where: 

Cs'  as  defined  in  4.2.15. 

«f<F.oc.  X  as  defined  in  4.2.12. 

4.2.25  Effective  stack  gas  temperature 
difference  at  burner  shut-down,  corrected 
for  burner  cycling  effect.  Calculate  the  ef¬ 
fective  stack  as  temperature  difference  at 
burner  shut-down,  corrected  for  burner  cy¬ 
cling  effect,  ii»s.o.  expressed  in  degrees  Fahr¬ 
enheit  and  defined  as: 

For  systems  numbered  1-8: 

<l*S.O  =  1  */**.  O.X  K  Ci.on  ) 

Where: 

Ct.oa  as  defined  in  4.2.23. 

ijis.o.x  as  defined  in  4.2.14. 

4.2.26  Off-cycle  sensible  heat  loss  inte¬ 
gration  factors.  For  systems  numbered  1-4, 
determine  off-cycle  sensible  heat  loss  inte¬ 
gration  factors,  F3  and  F4,  from  Figures  3 
and  4,  respectively,  using  values  of  <J»r.0  de¬ 
fined  in  section  4.2.23,  and  ton/Toft  defined  in 
section  4.2.21. 

For  systems  numbered  5-8  determine  off- 
cycle  sensible  heat  loss  integration  factors, 
F5  and  F6,  from  Figures  5  and  6,  respective¬ 
ly,  using  values  of  <|»s.o  defined  in  section 
4.2.25,  and  and  tu,irM  defined  in  section 
4.2.21. 

For  systems  numbered  9-12  determine  the 
off-cycle  sensible  heat  loss  integration  fac¬ 
tors,  F5  and  F8,  from  Figures  5  and  6,  re¬ 
spectively,  using  values  of  \liF.0  defined  in 
section  4.2.23  and  ton  ron  defined  in  section 
4.2.21. 

4.2.27  Off-cycle  infiltration  heat  loss  in¬ 
tegration  factors.  For  systems  numbered  1- 
8,  determine  off-cycle  infiltration  heat  loss 
integration  factors,  F7  and  F8,  from  Figures 
7  and  8,  respectively,  using  values  of  de¬ 
fined  in  section  4.2.25,  and  and  tofr/roft  de¬ 
fined  in  section  4.2.21. 

4.2.28  On-cycle  sensible  heat  loss.  Calcu¬ 
late  the  on-cycle  sensible  heat  loss  of  the 
system,  Ls.0n.  expressed  in  percent  and  de¬ 
fined  as: 

For  systems  numbered  1-8: 


=  L  -  (K  )  (  6  ) 

'S,ON  S , SS , A  S  ,ON  F,0 

-  (t  ) 


r  ir  r 

l<  I  >  (1-e 
1  /x 
^  on  on J 


For  systems  numbered  9-12: 


L  =  (C  )  (L  )  -  (K-  ) 

S ,  ON  S  S,  SS,  A  S,ON 

-  (t  ) 
on 


(6  )  (  1  )  (1-e 

F,0  ~t  Jr 

on  on 


where: 

Cs  as  defined  in  4.2.15. 

Ls.ss.a  as  defined  in  4.2.4. 

Ks.on  as  defined  in  4.2.16. 

6t. o  as  defined  in  4.2.22. 

ton/Ton  as  defined  in  4.2.20. 

4.2.29  Off-cycle  sensible  heat  loss.  Calcu¬ 
late  the  off-cycle  sensible  heat  loss  of  the 
system,  Ls.0ff>  expressed  in  percent  and  de 
fined  as: 

For  systems  numbered  1-4: 


L  =  (K  )  (t  ) 

S,OFF  S.OFF  off 

t 


X  (F3)+(*  )<F4)  . 

F,o° 


For  systems  numbered  5-8: 


L  -  (K  )  (t  ) 

S .OFF  S.OFF  off 

t 

on 


*|  (F5)  + 


)  (F6 )  , 

J 


For  systems  numbered  9-12: 


L  =  (K  )  (t  ) 

S .OFF  S .OFF  Off 

t 


where: 

K  s.off  as  defined  in  4.2.17. 
t,n  as  defined  in  4.2.21, 
ton  as  defined  in  4.2.20. 

F3,  F4,  F5,  and  F6  as  defined  in  4.2.26. 
ij«F.oc  as  defined  in  4.2.24. 
ij<s.oo  x  as  defined  in  4.2.13. 

4.2.30  On-cycle  infiltration  heat  loss.  Cal¬ 
culate  the  on-cycle  infiltration  heat  loss  of 
the  system,  L|.on,  expressed  in  percent  and 
defined  as: 

For  systems  numbered  1-8: 

Li.ok= K  i, out  70-42), 

where: 

K,.on  as  defined  in  4.2.18. 

70  as  defined  in  4.2.15. 

42  as  defined  in  4.2.15. 

For  systems  numbered  9-12: 

Li.on  =  0 

4.2.31  Off-cycle  infiltration  heat  loss. 
Calculate  the  off-cycle  infiltration  heat  loss 
of  the  system  Li.off.  expressed  in  percent 
and  defined  as: 

For  systems  numbered  1-8: 


L  =  K  (70-42)  (t  ) 

I, OFF  I, OFF  off 

t 


x  I  (F7 )  +  („,  )  (F8 ) 

S~  »X 


where: 

K,.off  as  defined  in  4.2.19. 

70  as  defined  in  4.2.15. 

42  as  defined  in  4.2.15. 
ton  as  defined  in  4.2.21. 
ton  as  defined  in  4.2.20. 

F7,  F8  as  defined  in  4.2.27. 
iJ<sooy  as  defined  in  4.2.13. 

For  systems  numbered  9-12: 

Li.off=0 

4.2.32  Part-load  fuel  utilization  efficien¬ 
cy.  Calculate  the  part-load  fuel  utilization 
efficiency,  expressed  in  percent  and  defined 

as: 


for  indoor  units  - 


r,  *  100  -  L  -It  ♦f’Q  7t  >1 

u  L. A  on  I  _P  off  J 


+  L  +  L 

,ON  S.OFF  I 


♦  L 

,ON  I, OFF 


for  outdoor  units  - 


H  =  100-L  -  C  <L  )  - 

u  L, A  j  j 


t  +r(Q  lift  I 
on  I  P  I  off 


x  (F5)  +  (  )  CF6 ) 

L  F,» 


[  L  +  L 

S  ,  ON  S.OFF 
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where: 

C,=3.3  for  furnaces  Intended  to  be  in¬ 
stalled  outdoors. 

4.7  for  boilers  intended  to  be  installed  out¬ 
doors. 

QP= Pilot  flame  fuel  input  rate  determined 
in  accordance  with  section  3.2  of  this 
Appendix,  in  Btu’s  per  hour. 

Qm= Pull-load  input  rate  (including  pilot 
flame  fuel  input  rate)  determined  in  ac¬ 
cordance  with  section  3.1  of  this  Appen¬ 
dix,  in  Btu’s  per  hour. 

Lj= Jacket  loss  determined  in  accordance 
with  section  3.4  of  this  Appendix,  in  per¬ 
cent. 

U.a  as  defined  in  4.2.5. 

toll  as  defined  in  4.2.20. 

ton  as  defined  in  4.2.21. 

Ls.on  as  defined  in  4.2.28. 

L*.o rr  as  defined  in  4.2.29. 

L,.on  as  defined  hi  4.2.30. 

Li.opp  as  defined  in  4.2.31 

4.2.33  Annual  fuel  utilization  efficiency. 
Calculate  the  annual  fuel  utilization  effi¬ 
ciency,  EFFYa.  defined  as: 


ft = The  angle  the  damper  plate  makes, 
when  closed,  with  a  plane  perpendicular 
to  the  axis  of  the  stack,  determined  in 
accordance  with  section  3.5  of  this  ap¬ 
pendix. 

4.4  Additional  requirements  for  furnaces 
utilizing  indoor  air  for  combustion  and 
draft  control.  For  units  obtaining  combus¬ 
tion  air  and  draft  control  air  from  inside  the 
residence,  determine  the  appropriate  factor 
describing  the  ratio  of  on-cycle  stack  flow  to 
on-cycle  flue  flow  (S/F),  the  ratio  of  off- 
cycle  flue  flow  to  on-cycle  flue  flow  at  iden¬ 
tical  temperatures  (DP),  and  the  ratio  of  off- 
cycle  stack  flow  to  on-cycle  stack  flow  at 
identical  temperatures  <DS)  from  Table  1. 

4.4.1  Optional  procedure  for  determina¬ 
tion  of  Dr  for  furnaces  or  boilers  employing 
a  power  burner.  Calculate  the  ratio  (Dp)  of 
the  rate  of  flue  gas  mass  flow  through  the 
furnace  or  boiler  during  the  off  period, 
mF.opF  (TF.sg).  to  the  rate  of  flue  gas  mass 
flow  during  the  on-period,  mF,ss  (TP.Ss).  and 
defined  as: 


effy 

*  ( n  |  (n  )  (5200) 

(”  )  (5200)  +  (2.5)  (>  )  (0  )  (1.))  (4600) 


where: 

5,200= The  average  number  of  annual 
heating  degree-days  for  the  United 
States. 

4,600=The  average  number  of  nonheating 
season  hours  per  year  that  the  energy  to 
the  pilot  light  is  assumed  wasted. 

1.7= Average  furnace  sizing  factor. 

n$s=As  defined  in  4.2.E. 

n«=As  defined  in  4.2.33. 

QP=As  defined  in  4.2.32. 

Qin=As  defined  in  4.2.32. 

4.3  Additional  requirements  for  furnaces 
utilizing  a  stack  (or  flue)  damper.  Calculate 
the  stack  (or  flue)  damper  effectiveness,  D„. 
defined  as: 


DP  mF ,  OFF 


mF,SS  (TF,SS} 


For  gas  fueled  units  or  oil  fueled  units  for 
which  no  draft  is  maintained  during  the 
steady-state  or  cool  down  test: 


For  oil  fueled  units  tested  with  an  im¬ 
posed  draft  as  described  in  section  3.6: 


mF.oPT  (TFlSS)=mF  OFF  (T*p,ofp) 


where: 

Tf.s*=As  defined  in  4.2.4. 

T*F.oFP=Flue  gas  temperature  during  the 
off-period  measured  in  accordance  with 
section  3.6  of  this  appendix,  in  degrees 
fahrenheit. 

42  as  defined  in  4.2.15. 

460= Conversion  factor  to  convert  degrees 
fahrenheit  to  degrees  rankine. 

Tra  as  defined  in  4.2.4. 


where: 

Vt=F1ow  rate  of  tracer  gas  through  the 
furnace  measured  in  accordance  with 
section  3.6  of  this  appendix,  in  cubic  feet 
per  minute. 

CT= Concentration  by  volume  of  tracer  gas 
present  in  the  flue  gas  sample  measured 
in  accordance  with  section  3.6  of  this  ap¬ 
pendix,  in  percent. 

PF=The  density  the  flue  gas  would  have  at 
the  temperature  Tt  in  lb  per  cu  ft.  It 
may  be  approximated  by  the  equation: 


where: 

Tt= Temperature  of  tracer  gas  entering 
flow  meter  measured  in  accordance  with 
section  3.6  of  this  appendix,  in  degrees 
fahrenheit. 

PB= Barometric  pressure  measured  in  ac¬ 
cordance  with  section  3.6  of  this  appen¬ 
dix,  in  inches  of  mercury. 


m  (T  ) 

F,SS  'IF>SS' 


(HHV  ) (60) 

A 


where: 

Rt.p.  as  defined  in  4.2.2. 

A/F  as  defined  in  4.2.16. 

Qln  as  defined  in  4.2.32. 

HHV A  as  defined  in  4.2.16. 

60= Conversion  factor  to  convert  hours  to 
minutes. 

4.4.2  Optional  procedure  for  determina¬ 
tion  of  off-cycle  draft  factor  for  flue  gas 
flow  for  furnace*  or  boiler*  employing  a 
power  burner.  Calculate  the  off-cyele  draft 
factor  for  flue  gas  flow,  Du,  defined  as: 

for  systems  numbered  2,  4,  6,  8  or  10: 
Df=Dp. 

for  system  number  12:  DP=(Dp)(D0), 
where: 

DP  as  defined  in  4.4.1. 

D0  as  defined  in  4.3. 

4.4.3  Optional  procedure  for  determina¬ 
tion  of  off-cycle  draft  factor  for  stack  gas 
flow  for  furnaces  or  boilers  employing  a 
power  burner.  Calculate  the  off-cycle  draft 
factor  for  stack  gas  flow,  Ds,  defined  as: 

for  system  number  2:  Ds=1.0. 

for  system  number  4:  DS=(0.79+DP)/1.4. 

for  system  number  6:  DS=D0. 

For  system  number  8: 


where: 

AD'=ADcos(ft). 

As = Cress  sectional  area  of  the  stack  de¬ 
termined  in  accordance  with  section  3.5 
of  this  appendix,  in  square  inches. 

A„=Not  area  of  the  damper  plate  deter¬ 
mined  in  accordance  with  section  3.5  of 
this  appendix,  in  square  inches. 


A  (T  )=  (100-C  )  V  p 
F,OFF  F  ,OFF  _ T  T  F 


C 

T 


(D_ )  (Dp)  ,  if  D„  I  ,  *  .. 

°  P  °  “  Ts7iT 

(D  )  (Dp)  +  (0.85-(D„)  (Dp))  (D  -  _ 1  ) 

°  P  o  P  o  t^TfT 


I 

(S/F) 


if  D  >  1 

°  (S/F) 
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where: 

Dr  as  defined  in  4.4.1. 

D,  as  defined  in  4.3. 

4.5  Additional  Requirements  for  Fur¬ 
naces  Utilizing  a  Direct  Vent  System.  For 
furnaces  utilizing  a  direct  vent  system  or  in¬ 
tended  for  outdoor  installation,  determine 
the  appropriate  S/F  factor  and  Dr  factor 
from  Table  2.  If  a  unit  is  equipped  with  a 
power  burner,  the  optional  procedure  de¬ 
scribed  in  section  4.4.2  of  this  section  may 
be  used  to  calculate  Dr  using  the  value  of  DP 
determined  in  section  4.4.1  of  this  section. 

4.6  Additional  Requirements  for  Fur¬ 
naces  Which  Modulate  or  Vary  Fuel  Input 
Without  Controlling  Excess  Combustion  Air. 
Test  a  furnace  which  is  equipped  with  a 
mechanism  for  reducing  the  rate  of  fuel 
input,  but  does  not  provide  a  means  for  con¬ 
trolling  excess  combustion  air,  at  its  maxi¬ 
mum  firing  rate  in  accordance  with  test  pro¬ 
cedures  in  section  3.  Use  these  test  results  to 
calculate  a  seasonal  efficiency  and  an 
annual  operating  cost  based  upon  a  single 
fixed  fuel  input  rate. 

4.7  National  Average  Number  of  Burner 
Operating  Hours.  Calculate  the  average 
number  of  burner  operating  hours,  BOH, 
defined  as: 

BOH=(A)(C)  (2,080)  (average  design  heat¬ 
ing  requirement) -B  (2,080). 
where: 

2,080= National  average  annual  heating 
load  hours  (average  design  heating  re¬ 
quirement)  is  expressed  in  KBtu/hr  and 
is  obtained  from  Table  4  using  the 
proper  value  of  Qout. 

Qo«=(r)»/100)  (Qi„)  rounded  off  to  the 
nearest  1,000  Btu/hr  for  units  intended 
for  installation  in  a  heated  space  and 
Q.u.=Quit(nM/100)-(3,3)  (L,/ 100)1  round¬ 
ed  off  to  the  nearest  1,000  Btu/hr  for 
units  intended  for  installation  outdoors 
or  in  an  unheated  space. 

•u  as  defined  in  4.2.5. 

Qik  as  defined  in  4.2.32. 

A  =  _ 100,000 _ 

(341,300)  (TE  +  y  Fin  +  (Qlp  -  Ct,'  " 

B  =•  (2)  <Qp>  (  J  (A)  . 

- 186,060 - 

C=0.77,  adjustment  factor  which  serves  to 
adjust  the  calculated  design  heating  re¬ 
quirement  and  heating  load  hours  to  the 
actual  heating  load  experienced  by  a 
heating  system. 

PE = Power  burner  electrical  energy  input 
rate  at  full-load  steady-state  operation 
determined  in  accordance  with  section 
3.1  of  this  appendix,  in  kilowatts. 

BE = Circulating-air  blower  (or  circulating- 
water  pump)  electrical  energy  input  rate 
at  full-load  steady-state  operation  deter¬ 
mined  in  accordance  with  section  3.1  of 
this  appendix,  in  kilowatts. 

y=l+((t*-t~)/3.87)  for  furnaces,  1.00  for 
boilers  and  1.00  for  furnaces  employing 
a  single  motor  to  drive  a  power  burner 
and  air  circulating  fan  or  blower,  the 
ratio  of  average  blower  or  pump  on  time 
to  average  burner  on  time, 
where: 

t+= Blower  delay  time  determined  in  ac¬ 
cordance  with  section  3.2.1  of  this  ap¬ 
pendix,  in  minutes 


t“= Blower  delay  time  determined  in  ac¬ 
cordance  with  section  3.3.1  of  this  ap¬ 
pendix,  in  minutes. 

Qm  as  defined  in  4.2.32. 

QP  as  defined  in  4.2.32. 

T)„as  defined  in  4.2.32. 

(2 )= Ratio  of  the  average  length  of  a  heat¬ 
ing  season  in  hours  to  the  average  heat¬ 
ing  load  hours. 

100,000= Factor  that  accounts  for  percent 
and  KBtu. 

4.8  Average  Annual  Fuel  Energy  Con¬ 
sumption  for  Gas  or  Oil  Fueled  Furnaces  or 
Boilers.  Calculate  the  average  annual  fuel 
energy  consumption  for  gas  or  oil  fueled 
furnaces  or  boilers,  Ep.  expressed  in  Btu’s 
per  year,  and  defined  as: 

Ep=(Q»  — Qp)(BOH)+(8760)(QP), 
where: 

QiN  as  defined  in  4.2.32. 

QP  as  defined  in  4.2.32. 

BOH  as  defined  in  4.7. 

8,760 =Total  number  of  hours  in  a  year. 

4.9  Average  Annual  Auxiliary  Electrical 
Energy  Consumption  for  Gas  or  Oil  Fueled 
Furnaces  or  Boilers.  Calculate  the  average 
annual  auxiliary  electrical  energy  consump¬ 
tion,  Eae,  expressed  in  kilowatt-hours  per 
year  and  defined  as: 

Ea£=(PE+y  mXBOH) 
where: 

PE  as  defined  in  4.7. 

BE  as  defined  in  4.7. 

y  as  defined  in  4.6. 

BOH  as  defined  in  4.7. 

4.10  Average  Annual  Electric  Energy 
Consumption  for  Electric  Furnaces  or  Boil¬ 
ers.  Calculate  the  average  annual  electric 
energy  consumption  for  electric  furnaces  or 
boilers.  Ee,  expressed  in  kilowatt-hours  per 
year,  and  defined  as: 


( 100)  12060)  (Jesi  in  heat  in.?  requirement  I  (Cl 

tTrYA_t  <3- 


where: 

100= Conversion  factor  to  convert  percent 
to  decimal  fraction 

(design  heating  requirement)  is  expressed  in 
KBtu/hr  and  is  obtained  from  Table  4  with 
Qoa,  set  equal  to  the  quantity  (E,N)  (3.413) 
rounded  off  to  the  nearest  1000  Btu’s  per 
hour  for  units  intended  for  installation  in  a 
heated  space  and  (Ed,)  (3.413) 

((100— (3.3)(Lj))/(100)  for  units  intended  for 
installation  out-of-doors  or  in  an  unheated 
space, 
where: 

E„, = electric  power  input  in  watts  meas¬ 
ured  in  accordance  with  sections  3.1.3 
and  3.1.4  of  this  Appendix. 

2.080  as  defined  in  4.7. 

EFFYa-e  as  defined  in  4.1. 

3.413  conversion  factor  corresponding  to  1 
watt=3.413  Btu/hr. 

L,  as  defined  in  3.4. 

C  as  defined  in  4.7. 

4.11  Average  Number  of  Burner  Opening 
Hours  in  Different  Geographic  Regions  of 
the  United  States  and  in  Buildings  with  Dif¬ 
ferent  Design  Heating  Requirements.  Calcu¬ 
late  the  average  number  of  burner  operat¬ 
ing  hours  by  geographic  region  of  the 
United  States,  BOHR,  defined  as: 

BOHR=(C)(A)(HLH))(typical  design  heat¬ 
ing  requirement) -B(HLH) 


where: 

HLH= Heating  load  hours  for  a  specific 
geographic  region  determined  in  accord¬ 
ance  with  the  heating  load  hour  map  in 
Figure  9. 


B  =  (2)  (A)  (Qp)  (nu). 


100,000 


where: 

(2)  as  defined  in  4.7. 

A  as  defined  in  4.7. 

Qp  as  defined  in  4.2.32. 

r ju  as  defined  in  4.2.32. 

100,000  as  defined  in  4.7. 

C  as  defined  in  4.7. 

Typical  design  heating  requirement  as 
given  in  Table  4  for  the  appropriate  value  of 
Qout,  where  Qoa,  is  defined  in  4.7. 

4.12  Average  annual  fuel  energy  con¬ 
sumption  for  gas  or  oil  fueled  furnaces  or 
boilers  located  in  different  geographic  re¬ 
gions  of  the  United  States  and  in  buildings 
with  different  design  heating  requirements. 
Calculate  the  average  annual  fuel  energy 
consumption  for  a  specific  geographic 
region  and  for  a  specific  typical  design  heat¬ 
ing  requirement,  Ep  R>  expressed  in  Btu’s  per 
year,  and  defined  as: 

Ep.,=(Q,N-Qp)+(8760)  (Qp) 

where: 

Qm  as  defined  in  4.2.32. 

QP  as  defined  in  4.2.32. 

BOHr  as  defined  in  4.11. 

8760  as  defined  in  4.8. 

4.13  Average  annual  auxiliary  electrical 
energy  consumption  for  gas  or  oil  fueled  fur¬ 
naces  or  boilers  in  different  geographic  re¬ 
gions  of  the  United  States  and  in  buildings 
with  different  design  heating  requirements. 
Calculate  the  average  annual  auxiliary  elec¬ 
trical  energy  consumption  for  a  specific  geo¬ 
graphic  region  and  for  a  specific  typical 
design  heating  requirement,  Eae.r  expressed 
in  kilowatt-hours  per  year  and  defined  as: 

EAR.R=(PE+y  BE)  (BOH.) 

where: 

PE  as  defined  in  4.7. 

BE  as  defined  in  4.7. 

y  as  defined  in  4.6. 

BOHr  as  defined  in  4.11. 

4.14  Average  annual  electric  energy  con¬ 
sumption  for  electrical  furnaces  or  boilers 
in  different  geographic  regions  of  the  United 
States  and  in  buildings  with  different  design 
heating  requirements.  Calculate  the  average 
annual  electric  energy  consumption  by  geo¬ 
graphic  region  of  the  United  States,  E£  R.  ex¬ 
pressed  in  kilowatt-hours  per  year,  and  de¬ 
fined  as: 


F  ,  =  ( 100 )  (C)  (HLH)  (design  heating  regm rer.cr tl 
E,R  (EFFY  M3. 413) 

A-E 


where: 

100  as  defined  in  4.10. 

HLH  as  defined  in  4.11. 

(design  heating  requirement)  as  defined  in 
4.10. 

EFFY A-E  as  defined  in  4.1. 

3.413  as  defined  in  4.10. 

C  as  defined  in  4.7. 
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where: 

100  as  defined  in  4.10. 

HLH  as  defined  in  4.11.  EFFYa_e  as  defined  in  4.1. 

(design  heating  requirement)  as  defined  in  3.413  as  defined  in  4.10. 
4.10.  C  as  defined  in  4.7. 


Table  1 

Factors  Describing  Air  Flew  Rate  for  Gas  and  Oil-Fired  Furnaces 
or  Boilers  Utilizing  Indoor  Air  for  Combustion  and  Draft  Control 


Units  Without  a  Stack  Da 
but  with 

Draft  Hood  or 

iype  of  Burner  Draft  Diverter 

imper 

Barometric  Draft  Control 

Units  With  a  Stack  Damper 
and 

Draft  Hood  or  . 

Draft  Diverter  1  Barometric  Draft  Control 

_ . _ L_ _ 

Sys-  D  D 

tem  #  S/F  F  S 

Sys—  D  D 

tem  #  S/F  F  S 

Jys-  D  D 

tan  #  S/F  F  S 

Sys-  D  D 

tem  #  S/F  F  S 

titnospheric  1  2.4  1.0  1.0 

Power*  2  2.4  0.4  1.0 

where 

3  1.4  1.0  1.0 

4  1.4  0.4  0.85 

5  2.4  1.0  D 

o 

6  2.4  0.4  D 

o 

7  1.4  1.0  D 

o 

8  1.4  0.4  (D  ) (D ’ ) 

o  p 

D’ 

P 


0.4, if  D  <  1/ (S/F) 
o 

0.4  +  (0.85  -  (0.4)  (D  ))  (D  -  l/s/F)) 
o  o 

D  (1  -  1/te/F) ) 

o 


if  D  >  1/ (S/F) 
O 


The  above  factors  were  developed  by  the  National  Bureau  of  Standards 
and  are  based  ur-on  information  in  the  public  literature,  laboratory 
and  computer  simulation  studies  conducted  at  NBS,  and  laboratory 
and  field  data  obtained  by  several  research  firms  under  contract 
to  NBS  and  DOE. 


*A  power  burner  may  incorporate  a  device  on  its  air  inlet  which  opens 
the  air  inlet  when  the  appliance  is  in  operation  and  closes  tne  air 
inlet  when  the  appliance  is  in  the  standby  condition. 


Table  2 

Factors  Describing  Air  Flow  Rates  tor  Gas  or  Oil-Fired  Fumaccs/Boilers 
Intended  for  Installation  Out-of-Doors  or  Intended  for  Indoor  Installation 
But  Equipped  With  a  Direct  Vent  System 


Type  of  Burner 

Units  Without  A  Stack 
or  Flue  Damper 

Units  With  a  Flue  Damper 

Tyne  of  Draft 

.  ...... 

S/F 

D 

System#  F 

D 

System#  F 

None 

Atmosphere 

9  1.00 

11  D 

o 

barometric 

damper 

1.4 

Power 

10  0.40 

12  0.40  x  D 

o 

draft  diverter 

2.4 

The  above  factors  were  develo^xxl  by  the  National  Bureau 
of  Standards  and  are  based  upon  information  in  the  public 
literature,  laboratory  and  computer  simulation  studies 
conducted  at  NBS,  and  laboratory  and  field  data  obtained 
by  several  research  firms  under  contract  to  NBS  and  DOE. 
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Table  3 


Values  of  Higher 

Ratio  (A/F) ,  and 

Heating  Value  (HHV  ) 
A 

Latent  Heat  Loss  (L 

L 

,  Stoichiometric 

)  for  Typical 
,A 

Air/Fuel 

Fuels 

Fuels 

HHV  (Btu/lb) 

A 

A/F  ( — ) 

L  (%) 

L,  A 

No.  1  Oil 

19,800 

14.56 

6.55 

No.  2  Oil 

19,500 

14.49 

6.50 

Natural  Gas 

20,120 

14.45 

9.55 

Manufactured  Gas 

18,500 

11.81 

10.14 

Propane 

21,500 

15.58 

7  .99 

Butane 

20,890 

15.36 

7.79 

Table  4 

Average  and  Typical  Design  Heating  Requirements 
for  Furnaces  and  Boilers  with  Different 
Output  Capacities 


Furnace  or  Boiler  Output  Average  Design  Typical  Design 

Capacity,  QniIm  Heating  Requirements  Heating  Requirements 

_ (Btu/hr) _ (KBtu/hr) _ (KBtu/hr ) _ 


26,000 

- 

34,000 

20 

15, 

20 

35,000 

- 

42,000 

25 

o 

<N 

25, 

30 

43,000 

- 

51,000 

30 

25, 

30, 

35 

52,000 

- 

59,000 

35 

30, 

35, 

40, 

45 

60,000 

- 

76,000 

40 

35, 

40, 

45, 

50 

77,000 

- 

93,000 

50 

40, 

45, 

50, 

60 

94,000 

- 

110,000 

60 

50, 

60, 

70, 

80 

111,000 

- 

127,000 

70 

60, 

70, 

80, 

90 

128,000 

- 

144,000 

80 

70, 

80, 

90, 

100 

145,000 

- 

161,000 

90 

80, 

90, 

100, 

110,  120 

162,000 

- 

178,000 

100 

90, 

100, 

110 

,  120,  130 

179,000 

- 

195,000 

110 

100 

,  110 

,  120,  130,  140 

over  196 

000 

130 

120 

,  130 

,  140,  150,  160 
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Appendix  O— Uniporm  Test  Method  for 

Measuring  the  Energy  Consumption  of 

Vented  Home  Heating  Equipment 

1.0  Definitions. 

1.1  “Steady-state  conditions  for  vented 
home  heating  equipment”  means  equilibri¬ 
um  conditions  as  indicated  by  temperature 
variations  of  not  more  than  5“  F  (2.80  in 
the  flue  gas  temperature  for  units  equipped 
with  draft  hoods,  barometric  draft  regula¬ 
tors  or  direct  vent  systems,  in  three  succes¬ 
sive  readings  taken  15  minutes  apart  or  not 
more  than  3'  F  (.170  in  the  stack  gas  tem¬ 
perature  for  units  equipped  with  integral 
draft  diverters  in  three  successive  readings 
taken  15  minutes  apart. 

1.2  “Flue  gases"  means  reaction  products 
resulting  from  the  combustion  of  a  fuel 
with  the  oxygen  of  the  air,  including  the 
inerts  and  any  excess  air. 

1.3  “Excess  air”  means  air  which  passes 
through  the  combustion  chamber  and  the 
vented  heater  flues  in  excess  of  that  which 
is  theoretically  required  for  complete  com¬ 
bustion. 

1.4  “Flue”  means  a  conduit  between  the 
flue  outlet  of  a  vented  heater  and  the  inte¬ 
gral  draft  diverter,  draft  hood,  barometric 
damper  or  vent  terminal  through  which  the 
flue  gases  pass  prior  to  the  point  of  draft 
relief. 

1.5  “Heater  outlet”  means  the  opening 
provided  in  a  vented  heater  for  the  exhaust 
of  the  flue  gases  from  the  combustion 
chamber. 

1.6  “Flue  losses”  means  the  sum  of  sensi¬ 
ble  and  latent  heat  losses  above  room  tem¬ 
perature  of  the  flue  gases  leaving  a  vented 
heater. 

1.7  “Stack”  means  the  portion  of  the  ex¬ 
haust  system  downstream  of  the  integral 
draft  diverter,  draft  hood  or  barometric 
draft  regulator. 

1.8  “Stack  gases”  means  the  flue  gases 
combined  with  dilution  air  that  enters  at 
the  integral  draft  diverter,  draft  hood  or 
barometric  draft  regulator. 

1.9  “Barometric  draft  regulator  or  baro¬ 
metric  damper”  means  a  mechanical  device 
designed  to  maintain  a  constant  draft  in  a 
vented  heater. 

1.10  “Air  shutter”  means  an  adjustable 
device  for  varying  the  size  of  the  primary 
air  inleUs)  to  the  combustion  chamber 
power  burner. 

1.11  “Power  burner”  means  a  vented 
heater  burner  which  supplies  air  for  com¬ 
bustion  at  a  pressure  exceeding  atmospheric 
pressure,  or  a  burner  which  depends  on  the 
draft  induced  by  a  fan  incorporated  in  the 
furnace  for  proper  operation. 

1.12  “Vent  limiter”  means  a  device  which 
limits  the  flow  of  air  from  the  atmospheric 
diaphragm  chamber  of  a  gas  pressure  regu¬ 
lator  to  the  atmosphere.  A  vent  limiter  may 
be  a  limiting  orifice  or  other  limiting  device. 

1.13  “Vent/air  intake  terminal”  means  a 
device  which  is  located  on  the  outside  of  a 
building  and  is  connected  to  a  vented  heater 
by  a  system  of  conduits.  It  is  composed  of 
an  air  intake  terminal  through  which  the 
air  for  combustion  is  taken  from  the  outside 
atmosphere,  and  a  vent  terminal  from 
which  flue  gases  are  discharged. 

1.14  “Induced  draft”  means  a  method  of 
drawing  air  into  the  combustion  chamber  by 
mechanical  means. 

1.15  "Plenum”  means  an  air  compart¬ 
ment,  that  is  attached  to,  or  is  an  integral 
part  of,  a  vented  heater  and  which  is  de¬ 
signed  to  either  distribute  the  heated  air 
after  it  leaves  the  heat  exchanger  in  the 
case  of  a  supply  plenum,  or  in  the  case  of  a 


return  plenum,  collects  the  air  which  enters 
the  return  inlet. 

1.16  “Heat  input”  (Qi„)  means  the  rate  of 
energy  supplied  in  a  fuel  to  a  vented  heater, 
operating  under  steady  state  conditions,  ex¬ 
pressed  in  Btu’s  per  hour.  It  includes  any 
input  energy  to  the  pilot  light  and  is  ob¬ 
tained  by  multiplying  the  measured  rate  of 
fuel  consumption  by  the  measured  higher 
heating  value  of  the  fuel. 

1.17  “Higher  heating  value”  (HHV) 
means  the  heat  produced  per  unit  of  fuel 
when  complete  combustion  takes  place  at 
constant  pressure  and  the  products  of  com¬ 
bustion  are  cooled  to  the  initial  temperature 
of  the  fuel  and  air  and  when  the  water 
vapor  formed  during  combustion  is  con¬ 
densed.  The  higher  heating  value  is  usually 
expressed  in  Btu’s  per  pound,  Btu’s  per 
cubic  foot  for  gaseous  fuel,  or  Btu’s  per 
gallon  for  liquid  fuel. 

1.18  "Integral  draft  diverter”  means  a 
device  which  is  an  integral  part  of  a  vented 
heater,  designed  to  (1)  provide  for  the  ex¬ 
haust  of  the  products  of  combustion  in  the 
event  of  no  draft,  »back  draft,  or  stoppage 
beyond  the  draft  diverter,  (2)  prevent  a 
back  draft  from  entering  the  vented  heater, 
(3)  neutralize  the  stack  action  of  the  chim¬ 
ney  or  gas  vent  upon  the  operation  of  the 
vented  heater. 

1.19  “Draft  hood”  means  a  device  which 
performs  the  same  function  as  an  integral 
draft  diverter,  but  is  not  an  integral  part  of 
the  vented  heater,  and  is  connected  to  the 
vented  heater  by  a  short  length  of  flue  pipe. 

1.20  “Vent  pipe”  means  the  passages  and 
conduits  in  a  direct  vent  system  through 
which  gases  pass  from  the  combustion 
chamber  to  the  outdoor  air. 

1.21  “Infiltration  parameter”  means  that 
portion  of  unconditioned  outside  air  drawn 
into  the  heated  space  as  a  consequence  of 
loss  of  conditioned  air  through  the  exhaust 
system  of  a  vented  heater. 

1.22  "Vaporizing  type  oil  burner”  means 
a  device  with  an  oil  vaporizing  bowl  or  other 
receptacle  designed  to  operate  by  vaporizing 
liquid  fuel  oil  by  the  heat  of  combustion, 
and  mixing  the  vaporized  fuel  with  air. 

1.23  “Air  tube”  means  a  tube  which  car¬ 
ries  combustion  air  from  the  burner  fan  to 
the  burner  nozzle  for  combustion. 

1.24  “Stack  damper”  is  a  device  installed 
downstream  of  the  integral  draft  diverter, 
draft  hood,  or  barometric  draft  legulator, 
designed  to  open  the  venting  system  when 
the  appliance  is  in  operation  and  to  close  off 
the  venting  system  when  the  appliance  is  in 
the  standby  condition. 

1.25  “Flue  damper”  is  a  device  installed 
between  the  furnace  and  the  integral  draft 
diverter,  draft  hood,  barometric  draft  regu¬ 
lator  or,  vent  terminal  which  is  not 
equipped  with  a  draft  control  device,  de¬ 
signed  to  open  the  venting  system  when  the 
appliance  is  in  operation  and  to  close  the 
venting  system  when  the  appliance  is  in  a 
standby  condition. 

1.26  “Heating  capacity”  (Qout)  means  the 
rate  of  useful  heat  output  from  a  vented 
heater,  operating  under  steady  state  condi¬ 
tions,  expressed  in  Btu’s  per  hour.  For  room 
and  wall  heaters,  it  is  obtained  by  multiply¬ 
ing  the  “heat  input”  (Q,„)  by  the  steady 
state  efficiency  (n.)  divided  by  100.  For 
floor  furnaces,  it  is  obtained  by  multiplying 
(A)  the  “heat  input”  (Q,„)  by  (B)  the  steady 
state  efficiency  divided  by  100,  minus  the 
quantity  (3.3)  (L,)  divided  by  100,  where  Lj  is 
the  jacket  loss  as  determined  in  3.4  of  this 
appendix. 

2.0  Testing  conditions. 


2.1  Installation  of  test  unit. 

2.1.1  Vented  wall  furnaces  (including 
direct  vent  systems).  Install  gas  fueled 
vented  wall  furnaces  for  test  as  specified  in 
Sections  2.1.3  and  2.1.4  of  ANSI  Z21.49-1975. 
Install  gas  fueled  wall  furnaces  with  direct 
vent  systems  for  test  as  described  in  2.1.3 
and  2.1.4  of  ANSI  Z21.44-1973.  Install  oil 
fueled  vented  wall  furnaces  as  specified  in 
UL-730-1974,  Section  33.  Install  oil  fueled 
vented  wall  furnaces  with  direct  vent  sys¬ 
tems  as  specified  in  UL-730-1974,  section  34. 

2.1.2  Vented  floor  furnaces.  Install 
vented  floor  furnaces  for  test  as  specified  in 
sections  35.1  through  35.5  of  UL  standard 
729-1976. 

2.1.3  Vented  room  heaters.  Install  in  ac¬ 
cordance  with  manufacturer’s  instructions. 

2.2  Flue  and  stack  requirements. 

2.2.1  Gas  fueled  vented  home  heating 
equipment  employing  integral  draft  di¬ 
verters  and  draft  hoods  (excluding  direct 
vent  system).  Attach  to,  and  vertically 
above  the  outlet  of  gas  fueled  vented  home 
heating  equipment  employing  draft  di¬ 
verters  or  draft  hoods  with  vertically  dis¬ 
charging  outlets,  a  five  (5)  foot  long  test 
stack  having  a  cross  sectional  area  the  same 
size  as  the  draft  diverter  outlet.  Cover  the 
test  stack  with  insulation  having  an  R  value 
of  not  less  than  7  ('F-HR-Ft’/Btu)  and  an 
outer  layer  of  aluminum  foil. 

Attach  to  the  outlet  of  vented  heaters 
having  a  horizontally  discharging  draft  di¬ 
verter  or  draft  hood  outlet  a  90  degree 
elbow,  and  a  five  (5)  foot  long  vertical  test 
stack.  A  horizontal  section  of  pipe  may  be 
used  on  the  floor  furnace  between  the  di¬ 
verter  and  the  elbow  if  necessary  to  clear 
any  framing  used  in  the  installation.  Use 
the  minimum  length  of  pipe  possible  for 
this  section.  Use  stack,  elbow,  and  horizon¬ 
tal  section  with  same  cross  sectional  area  as 
the  diverter  outlet.  Cover  with  insulation 
having  an  R  value  of  not  less  than  7  CF-HR- 
FtVBtu),  and  an  outer  layer  of  aluminum 
foil. 

2.2.2  Oil  fueled  vented  home  heating 
equipment  (excluding  direct  vent  systems). 
Use  flue  connections  for  oil  fueled  vented 
floor  furnaces  as  specified  in  section  35  of 
UL  729-1976,  section  34.10  through  34.18  of 
UL  730-1974  for  oil  fueled  vented  wall  fur¬ 
naces  and  sections  36.2  and  36.3  of  UL  896- 
1973  for  vented  room  heaters. 

Allow  no  opening  on  the  oil  heater  be¬ 
tween  the  heater  and  the  point  where  the 
flue  gas  sample  is  to  be  taken  or  the  flue  gas 
termperature  is  to  be  measured.  If  a  baro¬ 
metric  draft  regulator  is  incorporated  in  the 
heater,  it  shall  be  sealed  during  all  tests. 
Cover  all  elbows  and  flue  connectors  be¬ 
tween  the  heater  outlet  and  a  point  12 
inches  (304.8mm)  downstream  of  the  ther¬ 
mocouple  location  described  in  section  2.6 
with  insulation  having  an  R  value  not  less 
than  7  (°F-HR-Ft  VBtu)  and  an  outer  layer 
of  aluminum  foil. 

2.2.3  Direct  vent  systems.  Have  the  ex¬ 
haust/air  intake  system  supplied  by  the 
manufacturer  in  place  during  all  tests.  Test 
units  intended  for  installation  with  a  vari¬ 
ety  of  vent  pipe  lengths  with  the  minimum 
length  recommended  by  the  manufacturer. 
Do  not  connect  a  heater  employing  a  direct 
vent  system  to  a  chimney  or  induced  draft 
source.  Vent  the  gas  solely  on  the  provision 
for  venting  incorporated  in  the  heater  and 
the  vent/air  intake  system  supplied  with  it. 
On  units  which  are  not  designed  to  preheat 
the  incoming  air,  cover  the  first  18  inches  of 
vent  pipe  downstream  of  the  heater  outlet 
with  insulation  having  an  R  value  of  not 
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less  than  7  CF-HR-ft  2/Btu)  and  an  outer 
layer  of  aluminum  foil.  Care  should  be 
taken  to  not  block  the  air  intake  with  insu¬ 
lation. 

For  units  designed  to  significantly  preheat 
the  incoming  combustion  air.  cover  all  sur¬ 
faces  of  the  vent/air  intake  system  exposed 
to  ambient  air  where  the  combustion  air 
temperature  exceeds  the  room  temperature 
by  more  than  30°  F  16.70  with  insulation 
having  an  R  value  not  less  than  7  CF-HR- 
ft  VBtu)  and  a  layer  of  aluminum  foil. 

2.3  Fuel  supply. 

2.3.1  Natural  gas.  For  a  vented  heater  uti¬ 
lizing  natural  gas.  maintain  the  gas  supply 
to  the  unit  under  test  at  a  normal  inlet  test 
pressure  immediately  ahead  of  all  controls 
at  7  to  10  inches  water  column.  Maintain 
the  regulator  outlet  pressure  at  normal  test 
pressure  approximately  at  that  recommend¬ 
ed  by  the  manufacturer.  Use  natural  gas 
having  a  specific  gravity  of  approximately 
0.65  and  a  higher  heating  value  within  ±5 
percent  of  1.025  Btu  per  standard  cubic  foot. 
Determine  the  actual  higher  heating  value 
in  Btu's  per  standard  cubic  foot  for  the  nat¬ 
ural  gas  to  be  used  in  the  test  with  an  error 
no  greater  than  one  percent. 

2.3.2  Propane  gas.  For  a  vented  heater  uti¬ 
lizing  propane  gas,  maintain  the  gas  supply 
to  the  unit  under  test  at  a  normal  inlet  pres¬ 
sure  of  11  to  13  inches  water  column  and  a 
specific  gravity  of  approximately  1.53.  Main¬ 
tain  the  regulator  outlet  pressure,  on  units 
so  equipped,  approximately  at  that  recom¬ 
mended  by  the  manufacturer.  Use  propane 
having  a  specific  gravity  of  approximately 
1.53  and  a  higher  heating  value  within  ±5 
percent  of  2,500  Btu’s  per  standard  cubic 
foot.  Determine  the  actual  higher  heating 
value  in  Btu's  per  standard  cubic  foot  for 
the  propane  to  be  used  in  the  test  with  an 
error  no  greater  than  one  percent. 

2.3.3  Other  test  gas.  Use  other  test  gases 
with  characteristics  as  described  in  section 
2.2,  table  VII.  of  ANSI  Standard  Z21.ll.l- 
1974.  Use  gases  with  a  measured  higher 
heating  value  within  ±5  percent  of  the 
values  specified  in  the  above  ANSI  stand¬ 
ard.  Determine  the  actual  higher  heating 
value  of  the  gas  used  in  the  test  with  an 
error  no  greater  than  one  percent. 

2.3.4  Oil  supply.  For  a  vented  heater  uti¬ 
lizing  fuel  oil,  use  No.  1  fuel  oil  (kerosene) 
for  vaporizing  type  burners  and  either  No.  1 
or  No.  2  fuel  oil.  as  specified  by  the  manu¬ 
facturer,  for  mechanical  atomizing  type 
burners.  Use  No.  1  fuel  oil  with  a  viscosity 
meeting  the  specification  as  specified  in  UL- 
730-1974.  section  36.9.  Use  test  fuel  con¬ 
forming  to  the  specifications  given  in  tables 
2  and  3  of  ANSI  Standard  Z91. 1-1972  for 
No.  1  and  No.  2  fuel  oil.  Measure  the  higher 
heating  value  of  the  test  fuel  with  an  error 
no  greater  than  one  percent. 

2.3.5  Electrical  supply.  For  an  auxiliary 
electric  component  of  a  vented  heater, 
maintain  the  electrical  supply  to  the  test 
unit  within  one  percent  of  the  nameplate 
voltage  for  the  entire  test  cycle.  If  a  voltage 
range  is  used  for  nameplate  voltage,  main¬ 
tain  the  electrical  supply  within  one  percent 
of  the  mid-point  of  the  nameplate  voltage 
range. 

2.4  Burner  adjustments. 

2.4.1  Gas  burner  adjustments.  Adjust  the 
burners  of  gas  fueled  vented  heaters  to 
their  maximum  Btu  ratings  at  the  test  pres¬ 
sure  specified  in  2.3  of  this  section.  Correct 
the  burner  input  rate  to  60°  F  (15.60  and 
30  inches  of  mercury  barometric  pressure 
and  within  ±2  percent  of  the  hourly  Btu 
rating  specified  by  the  manufacturer  as 
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measured  after  15  minutes  of  operation 
starting  with  all  parts  of  the  vented  heater 
at  room  temperature.  Set  the  primary  air 
shutters  in  accordance  with  the  manufac¬ 
turer’s  recommendations  to  give  a  good 
flame  at  this  adjustment.  Do  not  allow  the 
deposit  of  carbon  during  any  test  specified 
herein. 

If  a  vent  limiting  means  is  provided  on  a 
gas  pressure  regulator,  have  it  in  place 
during  all  tests. 

2.4.2  Oil  burner  adjustments.  Adjust  the 
burners  of  oil  fueled  vented  heaters  to  give 
the  CO.  reading  recommended  by  the  manu¬ 
facturer  and  an  hourly  Btu  input,  during 
the  steady-state  performance  test  described 
below,  which  is  within  plus  or  minus  2  per¬ 
cent  of  the  heater  manufacturer’s  specified 
normal  hourly  Btu  input  rating.  On  units 
employing  a  power  burner  do  not  allow 
smoke  in  the  flue  to  exceed  a  No.  1  smoke 
during  the  steady -state  performance  test  as 
measured  by  the  procedure  in  ANSI  Stand¬ 
ard  Zll. 182-1965  (R1971)  (ASTM  D  2156- 
65(1970)).  If.  on  units  employing  a  power 
burner,  the  smoke  in  the  Hue  exceeds  a  No. 
1  smoke  during  the  steady-state  test,  read¬ 
just  the  burner  to  give  a  lower  smoke  read¬ 
ing.  and,  if  necessary  a  lower  CO.  reading, 
and  start  all  tests  over.  Maintain  the  aver¬ 
age  draft  over  the  fire  and  in  the  flue 
during  the  steady-state  performance  test  at 
that  recommended  by  the  manufacturer 
and  draft  fluctuations  at  less  than  0.005 
inches  of  water  gauge.  Do  not  make  addi¬ 
tional  adjustments  to  the  burner  during  the 
required  series  of  performance  tests.  The  in¬ 
struments  and  measuring  apparatus  for  this 
test  are  described  in  Section  6.3  of  ANSI 
Standard  Z91. 1-1972. 

2.5  Circulating  air  adjustments. 

2.5.1  Forced  air  vented  wali  furnaces  (in¬ 
cluding  direct  vent  systems).  During  tests 
maintain  the  air  flow  through  the  heater  as 
specified  by  the  manufacturer  and  operate 
the  vented  heater  with  the  outlet  air  tem¬ 
perature  between  80°  F  and  130°  F  above 
room  temperature.  If  adjustable  air  dis¬ 
charge  registers  are  provided,  adjust  them 
so  as  to  provide  the  maximum  possible  air 
restriction.  Measure  air  discharge  tempera¬ 
ture  as  specified  in  Section  2.14  of  ANSI 
Z21. 49-1975. 

2.5.2.  Fan  type  vented  room  heaters  and 
floor  furnaces.  During  tests  on  fan  type  fur¬ 
naces  and  heaters,  adjust  the  air  flow 
through  the  heater  as  specified  by  the  man¬ 
ufacturer.  If  adjustable  air  discharge  regis¬ 
ters  are  provided,  adjust  them  to  provide 
the  maximum  possible  air  restriction. 

2  6  Location  of  temperature  measuring 
instrumentation. 

2.6.1  Gas  fueled  vented  home  heating 
equipment  (including  direct  vent  systems). 
For  units  employing  an  integral  draft  di¬ 
verter,  install  nine  thermocouples,  wired  in 
parallel,  in  a  horizontal  plane  in  the  five 
foot  test  stack  located  one  foot  from  the 
test  stack  inlet.  Equalize  the  length  of  all 
thermocouple  leads  before  paralleling. 
Locate  one  thermocouple  in  the  center  of 
the  stack.  Locate  eight  thermocouples  along 
imaginary  lines  intersecting  at  right  angles 
in  this  horizontal  plane  at  points  one  third 
and  two  thirds  of  the  distance  between  the 
center  of  the  stack  and  the  stack  wall. 

For  units  which  employ  a  draft  hood  or 
units  which  employ  a  direct  vent  system 
which  does  not  significantly  preheat  the  in¬ 
coming  combustion  air,  install  nine  thermo¬ 
couples,  wired  in  parallel,  in  a  horizontal 
plane  located  within  12  inches  (304.8  mm)  of 
the  heater  outlet  and  upstream  of  the  draft 
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hood  on  units  so  equipped.  Locate  one  ther¬ 
mocouple  in  the  center  of  the  pipe  and 
eight  thermocouples  along  imaginary  lines 
intersecting  at  right  angles  in  this  horizon¬ 
tal  plane  at  points  one  third  and  two  thirds 
of  the  distance  between  the  center  of  the 
pipe  and  the  pipe  wall. 

For  units  which  employ  direct  vent  sys¬ 
tems  that  significantly  preheat  the  incom¬ 
ing  combustion  air,  install  nine  thermocou¬ 
ples,  wired  in  parallel,  in  a  plane  parallel  to 
and  located  within  6  inches  (152.4  mm)  of 
the  vent/air  intake  terminal.  Equalize  the 
length  of  all  thermocouple  leads  before  par¬ 
alleling.  Locate  one  thermocouple  in  the 
center  of  the  flue  pipe  and  eight  thermocou¬ 
ples  along  imaginary  lines  intersecting  at 
right  angles  in  this  plane  at  points  one  third 
and  two  thirds  of  the  distance  between  the 
center  of  the  flue  pipe  and  the  pipe  wail. 

Use  bead-type  thermocouples  having  wire 
size  not  greater  than  No.  24  American  Wire 
Gauge  (AWG).  If  there  is  a  possibility  that 
the  thermocouples  could  receive  direct  radi¬ 
ation  from  the  fire,  install  radiation  shields 
on  the  fire  side  of  the  thermocouples  only 
and  position  the  shields  so  that  they  do  not 
touch  the  thermocouple  junctions. 

Install  thermocouples  for  measuring  con¬ 
ditioned  warm  air  temperature  as  described 
in  ANSI  Z21. 49-1975,  section  2.14  establish 
the  temperature  of  the  inlet  air  by  means  of 
a  single  No.  24  AWG  bead-type  thermocou¬ 
ple,  suitably  shielded  from  direct  radiation 
and  located  in  the  center  of  the  plane  of 
each  inlet  air  opening. 

2.6.2  Oil  fueled  vented  home  heating 
equipment  (including  direct  vent  systems). 

Install  nine  thermocouples,  wired  in  paral¬ 
lel  and  having  equal  length  leads,  in  a  plane 
perpendicular  to  the  axis  of  the  flue  pipe. 
Locate  this  plane  at  the  position  shown  in 
Figure  34.4  of  UL  730-1974,  or  Figures  35.1 
and  35.2  of  UL  729-1976  for  a  single  thermo¬ 
couple,  except  that  on  direct  vent  systems 
which  significantly  preheat  the  incoming 
combustion  air,  it  shall  be  located  within  6 
inches  (152.4mm)  of  the  outlet  of  the  vent/ 
air  intake  terminal.  Locate  one  thermocou¬ 
ple  in  the  center  of  the  flue  pipe  and  eight 
thermocouples  along  imaginary  lines  inter¬ 
secting  at  right  angles  in  this  plane  at 
points  one  third  and  two  thirds  of  the  dis¬ 
tance  between  the  center  of  the  pipe  and 
pipe  wall. 

Use  bead-type  thermocouples  having  a 
wire  size  not  greater  than  No.  24  AWG.  If 
there  is  a  possibility  that  the  thermocouples 
could  receive  direct  radiation  from  the  fire, 
install  radiation  shields  on  the  fire  side  of 
the  thermocouples  only  and  position  the 
shields  so  that  they  do  not  touch  the  ther¬ 
mocouple  junctions. 

Install  thermocouples  for  measuring  the 
conditioned  warm  air  temperature  as  de¬ 
scribed  in  section  35.12  through  35.17  of  UL 
730-1974.  Establish  the  temperature  of  the 
inlet  air  by  means  of  a  single  No.  24  AWG 
bead-type  thermocouple,  suitably  shielded 
from  direct  radiation  and  located  in  the 
center  of  the  plane  of  each  inlet  air  open¬ 
ing. 

2.7  Combustion  measurement  instrumen¬ 
tation.  Analyze  the  samples  of  stack  and 
flue  gases  for  vented  heaters  to  determine 
the  concentration  by  volume  of  carbon  diox¬ 
ide  present  in  the  dry  gas  with  instrumenta¬ 
tion  which  will  result  in  a  reading  having  an 
accuracy  of  ±0.1  percentage  points. 

2.8  Energy  flow  instrumentation.  Install 
one  or  more  instruments,  which  measure 
the  rate  of  gas  flow  or  fuel  oil  supplied  to 
the  vented  heater,  and  if  appropriate,  the 
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electrical  energy  with  an  error  no  greater 
than  one  percent. 

2.9  Room  ambient  temperature.  During 
the  time  period  required  to  perform  all  the 
testing  and  measurement  procedures  speci¬ 
fied  in  section  3.0,  maintain  the  room  tem¬ 
perature  within  ±5°  F  (±2.80  of  the  value 
Tra  measured  during  the  steady  state  per¬ 
formance  test.  At  no  time  during  these  tests 
shall  the  room  temperature  exceed  100e  F 
(37.80  or  fall  below  65“  F  (18.30.  Use  the 
procedure  outlined  in  section  2.1.14  of  ANSI 
Standard  Z21.47-1973  to  measure  room  tem¬ 
perature. 

2.10  Equipment  used  to  measure  mass 
flow  rate  in  flue  and  stack.  The  tracer  gas 
chosen  for  this  task  should  have  a  density 
which  is  less  than  or  approximately  equal  to 
the  density  of  air,  and  be  of  a  different 
chemical  species  or  different  concentration 
from  the  flue  or  stack  gas  to  be  measured. 
Use  a  gas  unreactive  with  the  environment 
to  be  encountered.  Using  instrumentation  of 
either  the  batch  or  continuous  type,  meas¬ 
ure  the  concentration  of  tracer  gas  with  an 
accuracy  of  ±2  percent  of  the  value  of  the 
concentration  measured. 

3.0  Testing  and  measurements. 

3.1  Steady-State  testing.  3.1 1  Gas  Fueled 
Vented  Home  Heating  Equipment  (Includ¬ 
ing  Direct  Vent  Systems). 

Set  up  the  vented  heater  as  specified  in 
2.1,  2.2,  and  2.3.  Begin  the  steady-state  per¬ 
formance  test  by  operating  the  burner  and 
the  circulating  air  blower,  on  units  so 
equipped,  with  the  adjustments  specified  by 

2.4.1  and  2  5,  until  steady-state  conditions 
are  attained  as  indicated  by  a  temperature 
variation  of  not  more  than  3“  F  (1.7*  C)  in 
the  stack  gas  temperature  for  vented  heat¬ 
ers  equipped  with  draft  diverters  or  5'  F 
(2.8“  C)  in  the  flue  gas  temperature  for 
vented  heaters  equipped  with  either  draft 
hoods  or  direct  vent  systems;  in  three 
successive  readings  taken  15  minutes  apart. 

On  units  employing  draft  diverters,  meas¬ 
ure  the  room  temperature  (Tra)  as  described 
in  2.9  and  measure  the  steady-state  stack 
gas  temperature  (Ts.ss.x)  using  the  nine  ther¬ 
mocouples  located  in  the  5  foot  test  stack  as 
specified  in  2.6.1.  Secure  a  sample  of  the 
stack  gases  in  the  plane  where  Ts.ss.x  is 
measured  and  determine  the  concentration 
by  volume  of  carbon  dioxide  (Xco».s)  present 
in  dry  stack  gas. 

On  units  employing  draft  hoods  or  direct 
vent  systems,  measure  the  room  tempera¬ 
ture  (Tra>  as  described  in  2.9  and  measure 
the  steady-state  flue  gas  temperature, 
(Tf.ss).  using  the  nine  thermocouples  located 
in  the  flue  pipe  as  described  in  Section  2.6.1. 
Secure  a  sample  of  the  flue  gas  in  the  plane 
of  temperature  measurement  and  determine 
the  concentration  by  volume  of  CO.  (Xco*.F) 
present  in  dry  flue  gas.  In  addition,  for  units 
employing  draft  hoods,  secure  a  sample  of 
the  stack  gas  in  a  horizontal  plane  in  the 
five  foot  test  stack  located  one  foot  from 
the  test  stack  inlet;  and  determine  the  con¬ 
centration  by  volume  of  CO,  (Xcoa.s)  present 
in  dry  stack  gas. 

Determine  the  steady-state  heat  input 
rate  (Qto)  including  pilot  gas  by  multiplying 
the  measured  higher  heating  value  of  the 
test  gas  by  the  steady-state  gas  input  rate 
corrected  to  standard  conditions  of  60“  F 
and  30  inches  of  mercury.  Use  measured 
values  of  gas  temperature  and  pressure  at 
the  meter  and  the  barometric  pressure  to 
correct  the  metered  gas  flow  rate  to  stand¬ 
ard  conditions. 

Measure  the  steady-state  electric  power  to 
the  power  burner  (PE)  and  the  steady  state 
electrical  power  to  the  conditioned  air 
blower  (BE),  on  units  so  equipped. 
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After  the  above  test  measurements  have 
been  completed  on  units  employing  draft  di¬ 
verters,  secure  a  sample  of  the  flue  gases  at 
the  inlet  to  the  draft  diverter  and  determine 
the  concentration  of  CO,  (Xco,.f)  present.  In 
obtaining  this  sample  of  flue  gas,  move  the 
sampling  probe  around  to  assure  that  an 
average  value  is  obtained  for  the  CO,  concen¬ 
tration.  For  units  with  multiple  heat  ex¬ 
changer  outlets,  draw  and  weight  a  sample 
from  each  outlet  to  obtain  the  average  CO, 
concentration  for  the  unit.  Block  the  draft 
diverter  relief  opening  and  cover  the  draft 
diverter  and  flue  gas  collection  box  (on  a 
power  vented  unit)  with  insulation  having  an 
R  value  no  less  than  7  (“F-HR-ft  2/Btu)  and 
an  outer  layer  of  aluminum  foil.  However,  if 
the  design  is  such  that  applying  insulation  to 
all  areas  of  the  draft  diverter  housing  would 
result  in  a  reduction  of  normal  air  flow  over 
the  heat  exchanger,  do  not  insulate  those 
areas  of  the  draft  diverter  housing.  If  the 
unit  is  turned  off  during  the  process  of  block¬ 
ing  the  diverter  relief  opening,  run  it  until 
steady-state  conditions  (as  defined  above) 
are  again  achieved.  Then,  progressively  re¬ 
strict  the  test  stack  outlet  until  the  concen¬ 
tration  of  CO,  in  flue  gas  samples  secured 
from  the  test  stack  in  the  plane  where  Ts  ss  x 
was  measured  is  within  ±  0.2  percentage 
points  of  the  previously  determined  value  of 
Xcojf  Measure  the  flue  gas  temperature  (TFSS) 
using  the  nine  thermocouples  located  in  the 
5  foot  test  stack  as  specified  in  2.6.1. 

3.1.2  Oil  Fueled  Vented  Home  Heating 
Equipment  (Including  Direct  Vent  Sys¬ 
tems). 

Set  up  and  adjust  the  vented  heater  as 
specified  in  sections  2.1,  2.2,  and  2.3.4.  Begin 
the  steady-state  performance  test  by  operat¬ 
ing  the  burner  and  the  circulating  air 
blower,  on  units  so  equipped,  with  the  ad¬ 
justments  specified  by  2.4.2  and  2.5  until 
steady-state  conditions  are  attained  as  indi¬ 
cated  by  a  temperature  variation  of  not 
more  than  6“  F  (2.8“  C)  in  the  flue  gas  tem¬ 
perature  in  three  successive  readings  taken 
15  minutes  apart. 

Do  not  allow  smoke  in  the  flue,  for  units 
equipped  with  power  burners,  to  exceed  a 
No.  1  smoke  during  the  steady-state  per¬ 
formance  test  as  measured  by  the  procedure 
described  in  ANSI  Standard  Z1 1.182-1965 
(R1971)  (ASTM  D  2156-65  (1970)).  Maintain 
the  average  draft  over  the  fire  and  in  the 
breeching  during  the  steady-state  perform¬ 
ance  test  at  that  recommended  by  the  man¬ 
ufacturer  and  do  not  allow  draft  fluctu¬ 
ations  to  exceed  0.005  inches  of  water  gauge. 

Measure  the  room  temperature  (Tra)  as 
described  in  2.9  and  measure  the  steady 
state  flue  gas  temperature  (TF.ss)  using  nine 
thermocouples  located  in  the  flue  pipe  as 
described  in  2.6.2.  Secure  a  sample  of  the 
flue  gas  in  the  plane  of  temperature  mea¬ 
surement  and  determine  the  concentration 
by  volume  of  CO,  (Xco*F>  present  in  dry  flue 
gas. 

Measure  and  record  the  steady-state  heat 
input  rate  (Qln>  and  the  steady-state  electri¬ 
cal  power  to  the  power  burner  (PE)  and  the 
conditioned  air  blower  (BE),  on  units  so 
equipped. 

3.2  Flue  temperature  measurements— cool 
down  test  After  steady-state  testing  is  com¬ 
pleted,  turn  off  the  main  burner  and  meas¬ 
ure  the  flue  gas  temperature  by  means  of 
the  nine  thermocouples  described  above,  at 
1.5  (Tf.off  (t,))  and  9  (TF0FF  (t«))  minutes 
after  the  burner  shuts  off.  Bypass  the 
damper  control  on  units  employing  stack 
dampers  and  draft  diverters  or  draft  hoods 
so  that  the  damper  remains  open  during  the 
cool  down  test.  During  this  off-period,  oper¬ 
ate  the  indoor  air  circulating  blower,  on 


units  so  equipped,  during  the  first  3  minutes 
of  the  off  period  and  then  turn  it  off,  unless 
the  vented  heater  employs  a  single  motor  to 
drive  a  power  burner  and  an  indoor  air  cir¬ 
culating  blower  in  which  case  both  shall  be 
turned  off  together.  For  oil  fueled  vented 
heaters  not  equipped  with  stack  dampers, 
maintain  the  draft  in  the  flue  pipe  within 
-0.001  and  +0.005  inch  of  water  gauge  of 
the  manufacturers  recommended  on-period 
average  draft  if  the  optional  test  in  3.6  is 
being  carried  out,  and  within  ±0.01  inch  of 
water  gauge  of  the  average  steady-state 
draft  if  it  is  not.  For  a  direct  vent  system 
with  a  flue  damper  or  a  vented  heater 
equipped  with  both  a  stack  damper  and  a 
barometric  damper,  close  the  flue  or  stack 
damper  during  the  coo)  down  test.  Keep  the 
main  bumer(s)  off  until  equilibrium  condi¬ 
tions  are  attained,  as  indicated  by  variations 
in  the  flue  gas  temperature  of  not  more 
than  3“  F  (1.7°  C)  between  three  successive 
readings  taken  15  minutes  apart.  For  units 
employing  a  continuously  burning  pilot 
light,  take  a  third  flue  gas  temperature 
measurement  to  determine  the  off-period 
minimum  flue  gas  temperature  (T F.OFF.  ( « )). 
For  units  not  employing  a  continuously 
burning  pilot  light,  set  TF.0FF.  (<*)  equal  to 
the  room  temperature  Tr*.  During  this  cool 
down  test,  measure  the  energy  input  rate  to 
the  pilot  light  (QP),  if  the  unit  is  so 
equipped,  within  an  accuracy  of  ±3  percent. 
Record  all  measured  values. 

3.3  Flue  gas  temperature  measurements— 
heat  up  test  No  heat  up  test  shall  be  per¬ 
formed  for  oil  fueled  vented  heaters 
equipped  with  vaporizing  type  burners.  For 
all  other  vented  heaters,  after  equilibrium 
conditions  are  achieved  following  the  cool 
down  test  and  the  required  measurements 
performed,  turn  on  the  vented  heater  and 
measure  the  flue  gas  temperature,  using  the 
nine  thermocouples  described  above,  at  0.5 
(TF.0N<t,))  and  2.5  (TF.0ll(t,))  minutes  after 
the  main  bumer(s)  comes  on.  Keep  the 
indoor  air  circulating  fan  off,  on  units  so 
equipped,  during  the  first  1.5  minutes  of 
this  warm  up  test  and  then  turn  it  on  unless 
the  vented  heater  employs  a  single  motor  to 
drive  a  power  burner  and  an  indoor  air  cir¬ 
culating  blower,  in  which  case  start  both  to¬ 
gether.  Record  the  measured  temperatures. 
During  the  heat  up  test  for  oil  fueled  vented 
heaters  maintain  the  draft  in  the  flue  pipe 
within  ±0.01  inch  of  the  manufacturer’s 
recommended  on-period  draft. 

3.4  Jacket  loss  measurement  Conduct  a 
jacket  loss  test  for  vented  floor  furnaces. 
Measure  the  jacket  loss  (L,)  in  accordance 
with  the  ANSI  standard  Z21.48-1976  Section 
2.12.  and  record  result. 

3.5  Measurement  for  determining  effective¬ 
ness  of  automatic  stack  damper.  Determine 
the  effectiveness  of  an  automatic  stack 
damper  (D„),  in  vented  heaters  so  equipped, 
by  measuring  the  cross  sectional  area  of  the 
stack  (As),  the  net  area  of  the  damper  plate 
(Ad)  (the  area  of  the  damper  plate  minus 
the  area  of  any  holes  in  the  plate),  and  the 
angle  which  the  damper  plate  makes  when 
closed  with  a  plane  perpendicular  to  the 
axis  of  the  stack.  The  equation  in  section  4.2 
is  then  employed  to  calculate  D„. 

3.6  Optional  procedure  for  determining 
Dp,  Dp,  and  Ds  for  systems  equipped  with 
power  burners.  On  power  burner  systems 
not  employing  automatic  stack  dampers,  or 
powrer  burner  systems  with  a  stack  damper 
and  a  draft  diverter  or  draft  hood,  measure 
DF  during  the  cool  down  test  described  in 
section  3  2.  On  systems  for  which  the  flue  or 
stack  damper  is  to  be  closed  during  the  cool 
down  test  described  in  section  3.2,  measure 
Df  during  a  separate  cool  down  test.  Con¬ 
duct  this  separate  cool  down  test  after  the 
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heat  up  test  described  In  section  3.3  is  com¬ 
pleted.  Conduct  the  test  by  letting  the  unit 
run  after  the  heat  up  test  until  steady-state 
conditions  are  reached,  as  indicated  by  tem¬ 
perature  variation  of  not  more  than  plus  or 
minus  5'  P  (2.8°  C)  in  the  flue  gas  tempera¬ 
ture  in  three  successive  readings  taken  15 
minutes  apart,  and  then  shutting  the  unit 
off  with  the  stack  or  flue  damper  controls 
by-passed  or  adjusted  so  that  the  stack  or 
flue  damper  remains  open  during  the  result¬ 
ing  cool  down  period.  If  a  draft  was  main¬ 
tained  on  oil  fueled  units  in  the  flue  pipe 
during  the  steady-state  performance  test  de¬ 
scribed  in  section  3.1,  maintain  the  same 
draft  (within  a  range  of  -.001  to  +.005 
inches  of  water  gauge  of  the  average  steady- 
state  draft)  during  this  cool  down  period. 

Measure  the  flue  gas  mass  flow  rate 
(mr.orr)  during  the  cool  down  test  described 
above  at  a  specific  off-period  flue  gas  tem¬ 
perature  and  corrected  to  obtain  its  value  at 
the  steady-state  flue  gas  temperature  (TFtSS), 
using  the  procedure  described  below. 

Within  one  minute  after  the  unit  is  shut 
off  to  start  the  cool  down  test  for  determin¬ 
ing  DP,  begin  feeding  a  tracer  gas  into  the 
combustion  chamber  at  a  constant  flow  rate 
of  VT,  and  at  a  point  which  will  allow  for  the 
best  possible  mixing  with  the  air  flowing 
through  the  chamber.  (On  units  equipped 
with  an  oil  fired  power  burner,  the  best  lo¬ 
cation  for  injecting  this  tracer  gas  appears 
to  be  through  a  hole  drilled  in  the  air  tube.) 
Periodically  measure  the  value  of  VT  with 
an  instantaneously  reading  flow  meter 
having  an  accuracy  of  ±3  percent  of  the 
quantity  measured.  Maintain  VT  at  less  than 
1  percent  of  the  air  flow  rate  through  the 
furnace.  If  a  combustible  tracer  gas  is  used, 
there  should  be  a  delay  period  between  the 
time  the  unit  is  shut  off  and  the  time  the 
tracer  gas  is  first  injected  to  prevent  igni¬ 
tion  of  the  tracer  gas. 

Between  5-  and  6  minutes  after  the  unit  is 
•hut  off  to  start  the  cool  down  test,  measure 
the  flue  gas  temperature.  T*r.otr,  using  the  9 
thermocouples  described  above.  At  the  same 
instant  the  flue  gas  temperature  is  meas¬ 
ured,  also  measure  the  percent  volumetric 
concentration  of  tracer  gas  CT  in  the  flue 
gas  in  the  same  plane  where  TYo«  is  deter¬ 
mined.  Obtain  the  concentration  of  tracer 
gas  using  an  Instrument  which  will  result  in 
an  accuracy  of  ±2  percent  in  the  value  of  CT 
measured.  If  use  of  a  continuous  reading 
type  instrument  results  in  a  delay  time  be¬ 
tween  drawing  of  a  sample  and  its  analysis, 
this  delay  should  be  taken  into  account  so 
that  the  temperature  measurement  and  the 
measurement  of  tracer  gas  concentration  co¬ 
incide.  In  addition,  determine  the  tempera¬ 
ture  of  the  tracer  gas  entering  the  flow 
meter  (Tt)  and  the  barometric  pressure  (P„). 

The  rate  of  the  flue  gas  mass  flow 
through  the  vented  heater  and  the  factors 
DP.  Dr,  and  Ds  are  calculated  by  the  equa¬ 
tions  in  sections  4.3.1,  and  4.3.3  of  this  Ap¬ 
pendix. 

4.0  CALCULATION  OF  DERIVED  RESULTS 
FROM  TEST  MEASUREMENTS. 

4.1  Annual  Fuel  L'tili:alion  Efficiency  for  Gas  or  Oil 
Vented  Home  Healing  Equipment.  The  following  calcula¬ 
tions  arc  to  i>e  performed  to  determine  the  annual  fuel 
utilization  efficiency  of  gas  or  oil  vented  home  heating 
equipment.  Figure  10  provides  an  illustration  of  a  work¬ 
sheet  which  may  he  used  to  tabulate  the  results  of  test 
measurements  and  calculations. 

4.1.1  System  number.  Determine  the  system  number 
for  the  type  of  vented  healer  being  tested  in  accordance 
with  Table  1  or  2. 

4.1.2  Ratio  of  combustion  air  mass  flow  rate  to 
stoichiometric  air  mass  flow  rate.  Determine  the  ratio 
of  combustion  air  mass  flow  rate  to  stoichiometric  air, 
mass  flow  rate,  Rr.r,  front  Figure  1  for  the  test  fuel,  by 
using  the  value  of  dry  flue  gas  COt  concentration, 
■Xco2  r,  determined  in  accordance  with  section  3.1  of 
this  Appendix. 


4.1.3  Ratio  of  combustion  and  relief  air  mass  flow 
rate  to  stoichiometric  air  mass  flow  rate.  For  systems 
employing  an  integral  draft  diverter  or  draft  hood!  deter¬ 
mine  the  ratio  of  the  sum  of  combustion  and  relief  air 
mass  flow  rate  to  stoichiometric  air  mass  flow  rate  Rr.s, 
from  Figure  1  for  the  type  of  test  fuel,  by  using  the  value 
of  dry  stack  gas  CO:  concentration,  A’cos.s,  determined 
in  accordance  with  section  3.1  of  this  Appendix. 

4.1.4  Average  sensible  heat  loss  at  full-load  steady 
state  operation.  For  systems  employing  an  integral  draft 
diverter,  determine  the  average  sensible  heat  loss  at  full¬ 
load  steady-state  operation,  T.s  as.  a.  expressed  as  a 
percent ,  from  Figure  2  using  the  value  of  Rr.s  determined 
in  4.1.3,  the  type  of  test  fuel,  and  A  Ta.ss,  where 

&Ts.ss—  T  Tra 

where 

2’s.ss=measured  stack  gas  temperature  at  full-load 
st  eady-state  operat  ion  determined  in  accordance 
with  section  3.1  of  this  Appendix,  in  degrees 
Fahrenheit 

Tra  =measured  room  temperature  of  the  conditioned 
space  in  which  the  vented  heater  is  tested,  in 
degrees  Fahrenheit,  determined  in  accordance 
with  section  2.9  of  this  Appendix 
For  systems  not  employing  an  integral  draft  diverter, 
determine  the  average  sensible  heat  loss  at  full-load 
steady-state  operation,  Ls.bb.a,  expressed  as  a  percent: 
from  Figure  2  using  the  value  of  Rr.r  determined  ill 
4.1.2,  the  type  of  test  fuel,  and  A7>.ss, 
where 

&Tp,ss—Tr,  ss—Tra 

where 

T>.ss  =  flue  gas  temperature  at  full-load  steady-state 
operation  determined  in  accordance  with  sec¬ 
tion  3.1  of  this  Appendix,  in  degrees  Fahrenheit. 

Tra  =  as  defined  above. 

4.1.5  Steady-state  efficiency.  Calculate  the  steady- 
state  efficiency  (excluding  jacket  loss),  i?ss,  expressed  in 
percent  and  defined  as 

Vss  =100  —  Ls.  ss.  a 

.  where 

Ll,a= average  latent  heat  loss  of  the  test  fuel  de¬ 
termined  in  accordance  with  Table  3,  in 
percent. 

Ls.ss.a=hs  defined  in  4.1.4. 

4.1.8  Average  ratio  of  stack  gas  mass  flow  rate  to  flue 
gas  mass  flow  rate  at  full-load  steady-state  operation. 
Determine  the  average  ratio  of  stack  gas  mass  flow 
rate  to  flue  gas  mass  flow  rate  at  full-load  steady  state 
operation  8/F,  from  Table  1  or  2  for  the  system  number 
to  be  tested. 

For  units  with  integral  draft  diverters  or  draft  hoods 
calculate  t lie  quantity  (1.3)  iRr.s/Rr.r).  If  this  calcu¬ 
lated  quantity  is  greater  than  the  value  of  SIF  obtained 
from  Table  1  or  2,  use  it  in  place  of  the  value  from  the 
Table,  in  all  other  calculations  in  this  section  involving 
the  parameter  S/F. 

4.1.7  Equivalent  field  stack  gas  temperature  at  full¬ 
load  steady-state  operaticn.  Calculate  the  equivalent 
field  stack  gas  temperature  at  full-load  steady-state 
operation,  Tas.a,  expressed  in  degrees  Fahrenheit  and 
defined  as: 

Ts.  ss  =  -gTp  [  T r.  ss  —  Tra]+T ra 

where 

Tr.ss  as  defined  in  4.1.4 

Tr  4  as  defined  in  4.1.4 

S/F  as  defined  in  4.1.6 

4.1.8  On-cycle  time  constant.  Calculate  the  on-cycle 
time  constant,  t,,,  expressed  in  minutes  and  defined  as: 

ti-tx _ 

Tp,  ss—  Tr.  ondji”! 

Tr.ss— Tr.  0iui2)  J 

where 

1 1=0.5  minutes 
<2=2.5  minutes 

7V,on(i|)  =  flue  gas  temperature  measured  at  time  «i) 
from  a  cold  start-up  of  the  system  burner 
determined  in  accordance  with  section  3.3 
of  this  Appendix,  in  degrees  Fahrenheit 

7>.oi>(i2>  =  flue  gas  temperature  measured  at  the  time 
(fp  from  a  cold  start-up  of  the  system 
burner  determined  in  accordance  with 
section  3.3  of  this  Appendix,  in  degrees 
Fahrenheit 

Tr.ss=as  defined  in  4.1.4 
For  vaporizing  type  oil  burners.  t0h=0. 

4.1.9  Effective  degree  gas  temperature  difference  at 
stait-up.  Calculate  the  effective  flue  gas  temperature 
difference  at  start-up  of  the  system  burner,  8 r.ox., 
expressed  in  degrees  Fahrenheit  and  defined  as: 

Or.o.  x  =  [Tr.  ss —  Tr.  on (<i ) ]  cr°° 


where: 

Tr.ss  as  defined  in  4.1.4 

TV.ontfi)  as  defined  in  4.1.8 

fi  as  defined  in  4.1.8 

Ton  as  defined  in  4.1.8 

For  vaporizing  type  oil  burners,  Dr.o.n- O. 


4.1.10  Off-cycle  time  constant.  Calculate  the  off-cycle 
time  constant,  T0n,  expressed  in^minutes  and  defined  as 


toff  =  — 
In 


U~h 


[ 


Tr.  off d3)—  Tr.  off(®) 
Tr.  off  c«4)  —  Tr.  off(®i 


where 

fi=1.5  mimtes 
<4=9.0  minutes 

Tr.  orr  <<2>  =  flue  gas  temperature  measured  at  time 
(<i)  after  shut-down  from  steady-state 
operation  of  the  system  burner  deter¬ 
mined  in  accordance  with  section  3.2  of 
this  Appendix,  in  degrees  Fahrenheit 

Tr  .orr  =  flue  gas  temperature  measured  at  time 

(<4>  after  shut-down  from  steady-state 
operation  of  the  system  burner  deter¬ 
mined  in  accordance  with  section  3.2  of 
this  Appendix,  in  degrees  Fahrenheit. 

Tr.orrf.  »)  “minimum  flue  gas  temperature  deter¬ 
mined  in  accordance  with  section  3  2  of 
this  Appendix,  in  degrees  Fahrenheit. 

4.1.11  Effective  flue  gas  temperature  difference  at 
shut-down.  Calculate  the  effective  flue  gas  temperature 
difference  at  shut-down  cf  the  system  burner,  'Fp.o.x, 
expressed  in  degrees  Fahrenheit  and  defined  as: 


'I'f.  o.  x  =  [Tr,  off  (h)  —  Tr.  off  (  "  )]cr°tF 


where 

Tr.orri.tf)  as  defined  in  4.1.10 
Tr.oii(a‘ )  as  defined  in  4.1.10 
<i  as  defined  in  4.1.10 

Toil  as  defined  in  4.1.10 


4.1.12  Minimum  fluegas  temperature  difference  above 
room  temperature.  Calculate  the  minimum  flue  gas 
temperature  difference  above  room  temperature, 
*r.  oo  .x  expressed  in  degrees  Fahrenheit  and  defined  as: 

♦f,  oo.  x  —  Tp  off(  00  )  —  Tra 

where 


Tr.orri  ®)  as  defined  in  4.1.10 

Tra  as  defined  in  4.1.4 

4  1.13  Minimum  stack  gas  temperature  difference 
above  room  temperature.  Calculate  the  minimum  stack 
gas  temperature  difference  above  room  temperature, 
♦.s  oo. x  expressed  in  degrees  Fahrenheit  and  defined  as: 

For  systems  numbered  1  through  4  and  systems  5 
through  8  for  which  ( S/F)Ds>Dr 

.  (Dr)(*r.  oo. x) 

3  “  x_  ( S/F)(Ds ) 

where 

Dr  =  off-cycle  flue  gas  draft  factor  selected  from 
Table  1,  for  units  with  power  burners  where 
Dr  is  measured,  determined  in  accordance 
with  section  4.3.2  of  this  Appendix. 

As  =  off -cycle  stack  gas  draft  factor  selected  from 
Table  1,  or.  for  units  with  power  burners 
where  Dr  is  measured,  determined  in  accord¬ 
ance  with  section  4.3.3  of  this  Appendix. 

S/r= as  defined  in  4.1.6 
*e.ao.x=as  defined  in  4.1.12 
for  systems  numbered  5-8:  for  which  ( S/F)Ds<Dr 


*s.  oo .  x  =  'I 'r.  oo .  x 


4.1.14  Effective  stack  gas  temperature  difference  at 
shut-down.  Calculate  the  effective  stack  gas  temperaiui  6 
difference  at  shut-down,  <fs.o.x  expressed  in  degrees 
Fahrenheit  and  defined  as: 

For  systems  numbered  1  through  4  and  systems  5 
through  8  for  which  ( S/F)Ds>Dr 


*s.  o.x  = 


(Dr)  ( 'Ey  o.  x) 
( S/r)(Ds ) 


where 

Dr  as  defined  in  4.1.13 

tr.o.x  as  defined  in  4.1.11 

Sir  as  defined  in  4.1.6 

Ds  as  defined  in  4.1.13 

for  systems  numbered  5-8  for  which  (S/F)Ds£Dr 


o.  x  =  Vr.  o.  x 

4.1.15  Correction  factors  for  systems  9  through  12 
Calculate  a  correction  factor  which  corrects  for  the  use 
of  outdoor  air  for  combustion  instead  of  air  at  room 
temperature,  Cs,  defined  as 

r  4  .  (70— 42)r>aa 

(Tr.ss—  Tra)  100 

where 

42=average  outdoor  temperature  corresponding  to 
5200  degree  day  location,  in  degrees  Fahrenheit 
17,.  as  defined  iri  4.1.5 
Tr.ss  as  defined  in  4.1.4 
70  assumed  average  indoor  temperature 
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Calculate  the  correction  factor  which  corrects  for  the 
effect  of  outdoor  air  passing  through  the  heat  exchanger 
during  the  off-period,  C's,  defined  as: 

C's— 1.22 


4.1.21  Ratio  of  average  burner  off-time  per  cycle  to 
off-cycle  time  constant.  Calculate  the  ratio  of  average 
burner  off-time  per  cycle  to  off-cycle  time  constant, 
(•///r.o,  defined  as: 

/off 


Calculate  the  effective  stack  gas  temperature  difference 
at  burner  shut-down,  corrected  for  burner  cycling  effect, 
is.o,  expressed  in  degrees  Fahrenheit  and  defined  as: 

for  systems  1-8: 


4.1. Iff  Multiplication  factor  for  sensible  heat  loss 
during  burner omwrte.  Calcolnte  o  multiplication  factor 
for  sensible  brat  loss  daring  burner  on-cycle,  Ks.oo’ 
defined  as: 

1 "W+fifrrKW 

Where 

0=0.24  Btu  per  pound-degree  Fahrenheit,  specific 

heat  of  air 

Rr.r= as  defined  in  4.1.2 

^4/e=stoichiometric  air/fuel  ratio  determined  in 
accordance  with  Table  3 

HUVa= average  higher  heating  value  of  the  test  fuel 
determined  in  accordance  with  Table  3,  in 
Btu’s  per  pound. 

4.1.17  Multiplication  factor  for  sensible  heat  loss  dur¬ 
ing  burner  off-cycle.  Calculate  a  multiplication  factor  for 
sensible  heat  loss  during  burner  off-cycle,  Ks.ott,  defined 

as: 

for  systems  numbered  1-4: 


KS.  OFF  = 


(7V.  u-  7V, +530)  «•*•(/>,)  (Ks.  „) 
(7V.M-7V,)*" 

where 

530=assumod  average  indoor  temperature  in  degrees 
Rankine 

Tr.ss  as  defined  in  4.1.4 
Tka  as  defined  in  4.1.4 
Dr  as  defined  in  4.1.13 
Ks.on  as  defined  in  4.1.10 
for  systems  numbered  5-8: 

Ks.  OFF 

(TV M-  Tha  +  530)'»(  Da)(S/F)  (Ks.  on) 


where 
Ts.ss 
Ds 
Sir 
Ks.  on 
530 
42 
70 
Tka 


( Ts.ss—  7V.4-f70  — 42)0-56 


as  defined  in  4.1.7 
as  defined  in  4.1.13 
as  defined  in  4.1.G 
as  defined  in  4.1.10 
as  defined  above 
as  defined  in  4.1.15 
as  defined  in  4.2.15 
as  defined  in  4.1.4 


for  systems  numbered  9-12: 


Ks.  OFF  — 


( Tr.ss —  Tra  +530)i19(Df)  ( Ks.  OD) 
(TV.ss-7V.4  +  70— 42)°** 

where 

Tr.sa  as  defined  in  4.1.4 
Dr  as  defined  in  4.1.13 
Ks  on  as  defined  in  4.1.16 
530  as  defined  above 
42  as  defined  in  4.1.15 
70  as  defined  in  4.2.15 
Tka  as  defined  in  4.1.4 

4.1.18  Multiplication  factor  for  infiltration  loss  during 
burner  on-cycle.  C  alculate  a  multiplication  factor  for 
infiltration  loss  during  burner  on-cycle,  Ki.  on,  defined 

as: 

for  systems  numbered  1-8: 


Toff 

where 

(oft =13.3  minutes,  the  average  burner  off-time  per 
cycle 

toil  as  defined  in  4.1.10 

4.1.22  Effective  flue  gas  temperature  difference  at 
burner  start-up,  corrected  for  burner  cycling  effect. 
Calculate  the  effective  flue  gas  temperature  difference 
at  burner  start-up,  corrected  for  burner  cycling  effect, 
0p,o,  expressed  in  degrees  Fahrenheit  and  defined  as: 


For  systems  1-8: 

Or. o=(.Ct,  on)  (Of,  o.x ) 

For  systems  9-12: 


Of,  o=  (Ci,  „n )(Cs)  (Of,  o.  x) 

where  Cr.on  is  given  by: 


, _ (t*.  o.x)(e)-<"»/T°« 

q  _ _ (  T f.  ss—  Tf.  off(  00  ) ) _ 

‘  °”  . _ (Of.  o.  x)  (fr,  o  x)  ) 

-  (  Tf.  ss—  Tf.  off(  00  )  )* 

for  vaporizing  type  r.il  burners,  0r.o=O. 
whore 

Or. o.x  as  defined  in  4.1.9 

Cs  as  defined  in  4.1.15 

ir.o.x  as  defined  in  4.1.11 

loii/Toii  as  defined  in  4.1.21 

(on/roff  as  defined  in  4.1.20 

Tr.ss  as  defined  in  4.1.4 

Tr, off(®)  as  defined  in  4.1.10 


4.1.23  Effective  flue  gas  temperature  difference  at 
burner  shut-down,  corrected  for  burner  cycling  effect. 
Calculate  the  effective  flue  gas  temperature  difference 
at  burner  shut-down,  corrected  for  burner  cycling 
effect,  ir.  o' 

For  systems  1-8: 

ir.  o—  (Ct,  0ff)  (4>f.  o.  x) 

For  systems  9-12: 

4'f.o=  (Ci.  off )  (Cs1)  (^f,  o.  x) 

Where  Ct.  off  is  given  by: 


n.,r  I  1 

,  (Of.  o.  x)  (e~,°’‘,r°*) 

(Tr.  ss—  Tf.  off(  00  ) ) 

(Of.  o  x)('!'f.  n.  x)  (c  l<«*Oon+*off  Toff >  j 
(  Tf,  ss—  Tf.  off(  00  )2 


where 

Chd= 1.  fer  units  with  ecntinuously  operating  pilot 
light  O.'.iO,  for  units  with  intermittent  ignition 
devices  or  cycling  pilots 


K1.on=W(S/F)(KS,aD) 

where 

4>  =0.7  infiltration  parameter 

Sir  as  defined  in  4.1.6 

A's.oo  as  defined  in  4.1.16 

4.1.19  Multiplication  factor  for  infiltration  loss  during 
burner  off-cycle.  Calculate  a  multiplication  factor  for 
infiltration  loss  during  burner  off-cycle  Ki.  oil,  defined 

as: 

for  systems  numbered  1-8: 


'I'f.o.t  as  defined  in  4.1.11 

Cs'  as  defined  In  4.1.15 

Or. o.x  as  defined  in  4.1.9 

(od/roif  as  defined  in  4.1.21 

f  oo  Vod  as  defined  in  4.1.20 

Tr.ss  as  defined  in  4.1.4 

Tr. off(°°)  as  defined  in  4.1.10 


K  (Ts  ss-TRi+530)'  'HKI.nn)(Ds) 

A/,  off-  Ts.ss  (  —  TV* +70—42)  °-s* 
where 

Ts.ss  as  defined  in  4.1.7 
530  as  defined  in  4.1.17 
42  as  defined  in  4.1.15 
A'r.on  as  defined  in  4.1.18 
Ds  as  defined  in  4.1.13 
70  as  defined  in  4.2.15 
Tha  as  defined  in  4.1.4 

4.1.20  Ratio  of  average  burner  on-time  per  cycle  to 
on-cycle  time  constant.  Calculate  the  ratio  of  average 
burner  on-time  per  cycle  to  on-cycle  time  constant, 
tcn/Ton,  defined  as: 

/on 
T  on 

where 

f„»=3.87  minutes,  the  average  burner  on-time  per 
cycle 

Ten  as  defined  in  4.1.8 


4.1.24  Effective  minimum  flue  gas  temperature  dif¬ 
ference  above  room  temperature,  corrected  for  burner 
cycling  effect.  Calculate  the  effective  minimum  flue  gas 
temperature  difference  above  room  temperature,  *f.<x>, 
corrected  for  burner  cycling  effect,  expressed  in  degrees 
Fahrenheit  and  defined  as: 

for  systems  numbered  1-8: 

CO  'Fjr.  co .  X 

for  systems  numbered  9-12: 

♦g,  co  =  (Cs')  (Vf.  co.  Jr) 

where 

Cs  as  defined  in  4.1.15 
♦f.  co.  x  as  defined  in  4.1.12 

4.1.25  Effective  stack  gas  temperature  difference  at 
burner  shut-down,  corrected  for  burner  cycling  effect. 


'l'S.O  =  Ct.  offfs.O.  X 

where 

Ci.  oil  as  defined  in  4.2.23 

<l>s.  o.  x  as  defined  in  4.2.11 

4.1.26  Off-cycle  sensible  heat  loss  integration  factors. 
For  systems  numbered  1-4,  determine  off-cycle  sensible 
heat  loss  integration  factors,  F3  and  F4,  from  Figures  3 
and  4,  respectively,  using  values  of  *r.  o  defined  in  sec¬ 
tion  4.1.23,  and  foii/r oil  defined  in  section  4.1.21. 

For  systems  numbered  5-8,  determine  off-cycle  sensible 
heat  loss  integration  factors,  F5  and  F6,  from  Figures 
5  and  6,  resjiectivcly,  using  values  of  is.o,  defined  in 
section  4.1.25,  and  ton  >ofi  defined  in  section  4.1.21. 

For  systems  numbered  9-12,  determine,  off-cycle 
sensible  beat  loss  integration  factors,  F5  and  F6,  from 
Figures  5  and  6,  respectively,  using  values  of  ir.  o  de¬ 
fined  in  section  4.1.23,  and  (ort/r0if  defined  in  section 
4.1.21. 


4.1.27  Off-cycle  infiltration  heat  loss  integration 
factors.  For  systems  numbered  1-8,  determined  off- 
cycle  infiltration  heat  loss  integration  factors,  F 7  and 
F8,  from  Figures  7  and  8,  respectively,  using  values  of 

o  defined  in  section  4.1.25,  and  /0if/r0t(  defined  in 
section  4.1.21. 

4.1.28  On-cycle  sensible  heat  loss.  Calculate  the- on- 
cycle  sensible  heat  loss  of  the  system,  As.o.v,  expressed 
in  percent  and  defined: 


for  systems  numbered  1-8: 


N  =  Ls 


-(Ks.o*)(Qf.o)  (1~e 


for  systems  numbered  9-12: 
J'S,  ON  =  (  Cs  )  (  Ls.  SS.  A 


-Ks.O»)(Of.o) 

where 

Cs  as  defined  in  4.1.15 

Ts.ss. a  as  defined  in  4.1.4 

Ks.ox  as  defined  in  4.1.16 

6 r.o  as  defined  in  4.1.22 

( oo  'Ton  as  defined  in  4.1.20 

4.1.29  Off-cycle  sensible  heat  loss.  Calculate  the 
off-cycle  sensible  heat  loss  of  the  system,  As. off,  ex¬ 
pressed  in  percent  and  defined  as: 

for  systems  numbered  1-4: 

Ls.  off  =  (Ks.  off)  (^)[(F3)  +  *f.  „)(F4)J. 
for  systems  numbered  5-8:  . 

Ls,orr=  (Ks,  off)  [(^5) 

+  (*5.».x)(F6)], 

for  systems  numbered  9-12: 

Ls.off—  (Ksoff)  ((^>) 

+  ('*>..)<F6)], 

where 

Ks. orr  as  defined  in  4.1.17 

ton  as  defined  in  4.1.21 

ton  as  defined  in  4.1.20 

F3,  F4,  F5,  and  F6  as  defined  in  4.1.26 

ir.oo  as  defined  in  4.1.24 

♦s, oo. x  as  defined  in  4.1.13 


4.1.30  On-cycle  infiltration  heat  loss.  Calculate  tlio 
on-cyele  infiltration  heat  loss  of  the  system,  A/. on 
expressed  in  percent  and  defined  as: 

for  systems  numbered  1-8: 

7-i,  on  —  Ki,  on  (70  —  42), 

where 

A'/.on  as  defined  in  4.1.18 
70  as  defined  in  4.1.4 
42  as  defined  in  4.1.15 

for  systems  numbered  9-12: 

L>i,  on  =  0 

4.1.31  Off -cycle  infiltration  heat  loss.  Calculate  the 
off-cycle  infiltration  heat  loss  of  the  system  A/.ofp 
expressed  in  percent  and  defined  as: 
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for  systems  numbered  1-8: 

I'/,off  =  .Ki,off(70  — 42)^—^  [(^7) 

+  (*«..  .x)(F8)] 

where 

K/.off  as  defined  in  4.1.19 
70  as  defined  in  4.1.15 
42  as  defined  in  4.1.15 
t „n  as  defined  in  4.1.21 
ton  as  defined  in  4.1.20 
F7,  F8  as  defined  in  4.1.27 
+s,®.x  as  defined  in  4.1.13 

for  systems  numbered  9-12: 

Li,  off=0 


4.1.32  Part-load  fuel  utilization  efficiency.  Calculate 
the  part-load  fuel  utilization  efficiency,  expressed  in 
percent  and  defined  as: 

for  indoor  units— 


if»=  100— Lj,,  a  — 


T _ ton 


X  [  Ls,  on  +  Ls.  orr+Lj,  on  +  Li,  off]  » 
for  vented  floor  furnaces 


1u=  100  —  —  Cj(,Lj)- 


to 


to 


X  [  Ls,  on+  Ls,  off  +  Li,  on  +  Li,  off  ] 

where 

Ci  =3.3  for  vented  floor  furnaces 
Qp  =pilot  flame  fuel  input  rate  determined  in  accord¬ 
ance  with  section  3.2  of  this  Appendix,  in  Btu's 
per  hour 

<?iN  =  full-load  input  rate  (including  pilot  flame  fuel 
input  rate)  determined  in  accordance  with  sec¬ 
tion  3.1  of  this  Appendix,  in  Btu's  per  hour 
Li  “Jacket  loss  determined  in  accordance  with  sec¬ 
tion  3.4  of  this  Appendix,  in  percent 
Li,  a  as  defined  in  4.1.5 
ton  as  defined  in  4.1.20 
toil  as  defined  in  4.1.21 
Lp,  on  as  defined  in  4.1.28 
Ls,  off  as  defined  in  4.1.29 
Li,  on  as  defined  in  4.1.30 

It,  off  as  defined  in  4  1.31  » 

4.1.33  Annual  fuel  utilization  efficiency.  Calculate  tho 
annual  fuel  utilization  efficiency,  EFFYa,  defined  as: 
where 


EFFYa 

= _ (gw)  On)  (5200) _ 

(««)  (5200)  +  (2.5)  (,„)  (^)  (1.7)  (4600) 

where 

5200=the  average  number  of  annual  heating  degree 
days  for  the  United  States 

4600= the  average  number  of  non  heating  season  hours 
per  year  that  the  energy  to  the  pilot  light  is 
assumed  wasted 

1.7  “average  vented  heater  sizing  factor 
tiss  =as  defined  in  4.1.5 
1 =as  defined  in  4.1.32 
Qp  =as  defined  in  4.1.32 
Qis  =as  defined  in  4.1.32 

4.2  Additional  Riqmrenu  nts  fur  Vented  Home  Heating 
Equipment  l  tilning a  Stack  (nr  Flue)  Damper.  Calculate 
the  stack  (or  flue)  damper  effectiveness,  I).,  defined  as: 


where 

Ad—.Vd  cm  (Q) 

/ls=cross  sectional  area  of  the  stack  determined  in  ac¬ 
cordance  with  section  3.5  of  this  Appendix,  in 
square  inches 

/tB=net  area  of  the  damper  plate  determined  in  ac¬ 
cordance  with  section  3.5  of  this  Appendix,  in 
square  inches 

0=the  angle  the  damper  plate  makes  when  closed 
with  a  plane  perpendicular  to  the  axis  of  the  stack 
determine  in  accordance  with  section  3.5  of  this 
appendix 

4.3  Additional  Requirements  for  Vented  Home  Heating 
Equipment  t  tilning  indoor  Air  for  Combustion  and  Draft 
Control.  For  units  obtaining  combustion  air  and  draft 
control  air  from  inside  the  residence,  the  appropriate 
factor  describing  the  ratio  of  on-cycle  stack  flow  to  on- 
cycle  flue  flow  (S,E).  the  ratio  of  cff-cycle  flue  flow  to 
on-cycle  flue  flow  at  identical  temperatures  (Dp),  and 
the  ratio  of  off-cycle  stack  flow  to  on-cycle  stack  flow  at 
identical  temperatures  (Da)  shall  be  determined  from 
Table  1. 

4.3.1  Optional  procedure  for  determination  of  Dp  for 
vented  home  heating  equipment  employing  a  power 
burner.  Calculate  the  ratio  (Dp)  of  the  rate  of  flue  gas 
mass  flow  through  the  vented  heater  during  the  off 
period,  niF.OFFt7F.ss).  to  the  rate  of  flue  gas  mass  flow 
during  the  on-period,  mr.sa(Tp,ss ),  and  defined  as: 

n  w*f,off(  Tp,as )  | 

1  Ttlp.ssi  Tp.ss) 

For  gas  fueled  units  or  oil  fueled  units  for  which  no 
draft  is  maintained  during  the  steady  state  or  cool  down 
tests: 

rhr.  off(  T,  ss)  =rhr,  off(  Tf,  off) 


I-  Tf,  ss—  Tr  a  -T 

*  [7£off+460T 

\_T*f,  off-  T’s.iJ 

|_  Tf.  ss  +  460  _J 

For  oil  fueled  units  tested  with  an  imposed  draft  as 
described  in  section  3.6: 


flip.  off(  T  f  .ss)  =n»F.  off(7  f.off) 


460=conversion  factor  to  convert  degrees  Fahren¬ 
heit  to  degrees  Ratikine 


off(  Tf,  off)  = 


(IOO-Ci)FtPf 

CT 


where 

Ur=flow  rate  of  tracer  gas  through  the  vented  heater 
measured  in  accordance  with  section  3.6  cf  this 
Appendix,  in  cubic  feet  per  minute 
Cr=concentration  by  volume  of  tracer  gas  present  in 
the  flue  gas  sample  measured  in  accordance 
with  section  3.6  of  this  Appendix,  in  percent 
PF=the  density  the  flue  gas  would  have  at  the  tem¬ 
perature  T i  in  lb.  per  cu.  ft.  It  may  be  approxi¬ 
mated  by  the  equation: 


where 

Ti=the  temperature  of  the  tracer  gas  entering  the 
flow  meter  measured  in  accordance  with  section 
3.6  of  this  appendix,  in  degrees  Fahrenheit. 

460— as  defined  above 

Pa= barometric  pressure  measured  in  accordance  with 
section  3.6  of  this  Appendix,  in  inches  of  mercury 

mF.ss(TF.ss) 


-[(flr.r)(^)  +  l]  (q0)$jhva)’ 

where 

Rt.  f  as  defined  in  4.1.2 

A/F  as  defined  in  4.1.16 

Q\n  as  defined  in  4.1.32 

HHV a  as  defined  in  4.1.16 

4.3.2  Optional  procedure  for  determination  of  off-cycle 
draft  factor  for  Hue  gas  flow  for  vented  heme  heating 
equipment  employing  a  power  burner.  Calculate  the 
off-cycle  draft  factor  for  flue  gas  flow.  Dp,  defined  as: 

for  systems  numbered  2,  4,  6,  8,  or  10:  Dp=(Dp) 

for  system  number  12:  Dr=(Dp)(D,), 

where 

Dp  as  defined  in  4.3.1 
Do  as  defined  in  4.2 

4.3.3  Opt  ional  procedure  for  determination  of  off-cycle 
draft  factor  for  stack  gas  flow  for  vented  home  heating 
equipment  employing  a  power  burner.  Calculate  the 
off-cycle  draft  factor  for  stack  gas  flow ,  Da,  defined  as: 


where 

Tr.  as  as  defined  in  4.1.4 

Tr. 0FF  =  flue  gas  temperature  during  the  off-period 
measured  in  accordance  with  section  3.6  of 
this  Appendix,  in  degrees  Fahrenheit 
Tba  as  defined  ill  4.1.4 


for  system  number  2:  Us  =  1.0 
for  system  number  4:  /)s  =  (0.79+7),), '1.4 
for  system  number  6:  Ds=Do 
for  system  number  8: 


£>s=< 


(D0)  (Dp),  if  D.<1/(S/F) 

x  .  (0.85—  (D„)  (Dp))(D„—  l/(S/F)) 

- 7  j  \  » 

V1-(5/F)/ 


if 


D0> 


1 

(S/F) 


where 

Dp  as  defined  in  4.3.1 
Do  as  defined  in  4.2 
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4.4  Additional  requirements  for  wall  fur¬ 
naces  equipped  with  a  direct  vent  system  or 
floor  furnaces  designed  to  take  combustion 
and  draft  control  air  from  an  unheated 
space.  For  wall  furnaces  utilizing  a  direct 
vent  system  or  floor  furnaces  designed  to 
take  their  combustion  and  draft  control  air 
from  an  unheated  space  (such  as  a  crawl- 
space),  determine  the  appiopriate  S/F 
factor  and  D,  factor  from  Table  2.  If  a  unit 
is  equipped  with  a  power  burner,  Dr,  may  be 
calculated  as  described  in  section  4.3.2  using 
the  value  of  DP  determined  in  section  4.3.1 
of  this  section. 

4.5  Additional  requirements  for  vented 
home  heating  equipment  which  modulate  or 
vary  fuel  input  without  controlling  excess 
combustion  air.  Test  a  vented  heater,  which 
is  equipped  with  a  mechanism  for  reducing 
the  rate  of  fuel  input  but  does  not  provide  a 
means  for  controlling  excess  combustion  air, 
at  its  maximum  firing  rate  in  accordance 
with  test  procedures  in  Section  3.  Use  these 
test  results  to  calculate  a  seasonal  efficiency 
and  an  annual  operating  cost  which  is  based 
upon  a  single  fixed  fuel  input  rate. 

4.6  National  average  number  of  burner 
operating  hours.  Calculate  the  average 
number  of  burner  operating  hours,  BOH, 
defined  as: 

BOH=(A)(C)(2080)(average  design  heat¬ 
ing  requirement)— B(  2080). 

where: 

2080= national  average  annual  heating 
load  hours  average  design  heating  re¬ 
quirement  is  expressed  in  KBtu/hr  and 
is  obtained  from  Table  4  using  the 
proper  value  of  Q0UT 
where: 

Qqut  *  the  capacity  of  the  unit  equal  to  the  quantities 

(Q,n) (n8g)  for  room  and  wall  heaters  and 

— m — 

(0xn) (Has  *  3.3  (Lj) 1  for  floor  furnaces, 

100 

rounded  off  to  the  nearest  1000  Btu/hr. 

CIN  as  defined  in  4.1.32 

A  *  100,000 

fHI.  346)  (t>E  ♦  y  BE)  ’♦  f6;n'“0pV 

B  «  (2)  (0c)  (n„)  (A)  . 

- loo .ooo — 

C=0.77,  adjustment  factor  which  serves  to 
adjust  the  calculated  design  heating  re- 
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quirement  and  heating  load  hours  to  the 
actual  heating  load  experienced  by  a 
heating  system. 

PE = power  burner  electrical  energy  input 
rate  at  full-load  steady-state  operation 
determined  in  accordance  with  section 
3.1  of  this  Appendix,  in  kilowatts. 

2= ratio  of  the  average  length  of  a  heating 
season  in  hours  to  the  heating  load 
hours. 

BE = circulating-air  blower  electrical 
energy  input  rate  at  full-load  steady- 
state  operation  determined  in  accord¬ 
ance  with  section  3.1  of  this  Appendix, 
in  kilowatts. 

Y=1.00  for  vented  heaters  employing  a 
single  motor  to  drive  a  power  burner 
and  air  circulating  fan  or  blower,  and 
1.38  for  all  other  vented  heaters,  the 
ratio  of  average  blower  on  time  to  aver¬ 
age  burner  time. 

Q1N=as  defined  in  4.1.32. 

Qp=as  defined  in  4.1.32. 

t)„=as  defined  in  4.1.32. 

100,000= factor  that  accounts  for  percent 
and  KBtu. 

4.7  Average  annual  fuel  energy  consump¬ 
tion  for  vented  home  heating  equipment. 
Calculate  the  average  annual  fuel  energy 
consumption  for  vented  heaters,-  EF,  ex¬ 
pressed  in  Btu’s  per  year,  and  defined  as: 


Er=(QiN-Qp)  <BOH)  +  (8760)  (QP) 


Qw  as  defined  in  4.1.32. 

QP  as  defined  in  4.1.32. 

BOH  as  defined  in  4.6. 

8760  total  number  of  hours  in  a  year. 

4.8  Average  annual  auxiliary  electrical 
energy  consumption  for  vented  home  heat¬ 
ing  equipment  Calculate  the  average 
annual  auxiliary  electrical  energy  consump¬ 
tion,  Eae,  expressed  in  kilowatt-hours  per 
year  and  defined  as: 

E*i=(PE  +  y  BE)  (BOH) 


where: 

PE  as  defined  in  4.6. 

BE  as  defined  in  4.6. 
y  as  defined  in  4.6. 

BOH  as  defined  in  4.6. 

4.9  Average  number  of  burner  operating 
hours  for  vented  home  heating  equipment  lo¬ 
cated  in  different  geographic  regions  of  the 


United  States  and  in  buildings  having  dif¬ 
ferent  design  heating  requirements.  Calcu¬ 
late  the  average  number  of  burner  operat¬ 
ing  hours  for  different  typical  design  heat¬ 
ing  requirements  and  for  the  geographic  re¬ 
gions  of  the  United  States,  BOHr,  defined 
as: 

BOHR=(C)(A)(HLH)  (typical  design  heating 
requirement)— B  (HLH) 

where: 

A  as  defined  in  4.6. 

HLH = heating  load  hours  for  a  specific  ge¬ 
ographic  region  determined  in  accord¬ 
ance  with  the  heating  load  hour  map  in 
Figure  9. 

(Typical  design  heating  requirement)  as 
given  in  Table  4  for  the  appropriate  value  of 
Qout.  where  ou„  is  as  defined  in  4.6. 

B  as  defined  in  4.6. 

C  as  defined  in  4.6. 

A  as  defined  in  4.6. 

4.10  Average  annual  fuel  energy  con¬ 
sumption  for  vented  home  heating  equip¬ 
ment  located  in  different  geographic  regions 
of  the  United  States  in  buildings  with  differ¬ 
ent  design  heating  requirements.  Calculate 
the  average  annual  fuel  energy  consump¬ 
tion  for  a  specific  geographic  region  and  for 
a  specific  typical  design  heating  require¬ 
ment,  E,  „,  expressed  in  Btu’s  per  year,  and 
defined  as: 

Ep.R=(QiN  — Qf)  (BOH„)  +  (8760)  (Qp) 
where: 

Qi„  as  defined  in  4.1.32. 

QP  as  defined  in  4.1.32. 

BOHR  as  defined  in  4.9. 

8760  as  defined  in  4.8. 

4.11  Average  annual  auxiliary  electrical 
energy  consumption  for  vented  home  heat¬ 
ing  equipment  located  in  different  geograph¬ 
ic  regions  of  the  United  States  and  in  build¬ 
ings  with  different  design  heating  require¬ 
ments.  Calculate  the  average  annual  auxil¬ 
iary  electrical  energy  consumption  for  a  spe¬ 
cific  geographic  region  and  for  a  specific 
typical  design  heating  requirement,  E^r, 
expressed  in  kilowatt-hours  per  year  and  de¬ 
fined  as: 

EAp.R=(PE+y  BE)  (BOHr) 

where: 

PE  as  defined  in  4,6. 

BE  as  defined  in  4.6. 

y  as  defined  in  4.6. 

BOHr  as  defined  in  4.9. 
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Table  1 

Factors  Describing  Air  Flew  Rate  for  Gas  and  Oil-Fueled  Vented  Heme  Heating 
Equipment  Utilizing  Indoor  Air  for  Combustion  and  Draft  Control 


Units  Without  a  Stack  Danper 
but  with 
Draft  Hood  or 

Type  of  Burner  Draft  Diverter  [Barometric  Draft  Control 


Units  With  a  Stack  Dairper 
and 

Draft  Hood  or 

Draft  Diverter  |  Barometric  Draft  Control 


Sys-  D  D 

tern  #  S/F _ F _ S 


Sys-  D  D 

tern  #  S/F  F  S 


Sys-  D  D 

tern  #  S/F  F  S 


Sys¬ 
tem  # 


S/F 


Atmospheric  or  1 
Vaporizing 

Power  *  2 


2.4  1.0  1.0 

2.4  0.4  1.0 


1.4  1.0  1.0 

1.4  0.4  0.85 


2.4  1.0  D 


2.4  0.4  D 


1.4  1.0  D 

o 

1.4  0.4  (D  )  (D') 

o  p 


where 


D’ 

P 


/  0.4, if  D  <  1/ (S/F) 


0.4  +  (0.85  -  (0.4)  (D  ))  (D  -  l/[S/F)) 
o  o 

D  (1  -  1/S/F) ) 
o 


if  D  >  1/(S/F) 
o 


The  above  factors  were  developed  by  the  National  Bureau  of  Standards 
and  are  based  upon  information  in  the  public  literature,  laboratory 
and  computer  simulation  studies  conducted  at  NBS,  and  laboratory 
and  field  data  obtained  by  several  research  firms  under  contract 
to  NBS  and  DOE. 


*A  power  burner  may  incorporate  a  device  on  its  air  inlet  which  opens 
the  air  inlet  when  the  appliance  is  in  operation  and  closes  the  air 
inlet  when  the  appliance  is  in  the  standby  condition. 


Table  2 

Factors  Describing  Air  Flow  Rates  for  Gas  or  Oil-Fueled  Vented  Heaters 
Equipped  with  a  Direct  Vent  System  or  a  Floor  Furnace 


Type  of  Burner 

Units  Without  A  Stack 
or  Flue  Damper 

Units  With  a  Flue  Damper 

E 

S/F 

System# 

° !f 

System#  DF 

None 

1 

Atmosphere  or 
Vaporizing 

9 

1.00 

11  Do 

barometric 

damper 

1.4 

Power 

10 

0.40 

12  0.40  x  D 

o 

draft  diverter 

2.4 

The  above  factors  were  developed  by  the  National  Bureau 
of  Standards  and  are  based  upon  information  in  the  public 
literature,  laboratory  and  computer  simulation  studies 
conducted  at  NBS,  and  laboratory  and  field  data  obtained 
by  several  research  firms  under  contract  to  NBS  and  DOE. 
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Table  3 

Values  of  Higher  Heating  Value  (HHV  ) ,  Stoichiometric  Air/Fuel 

A 


Ratio  (A/F) , 

and 

Latent  Heat  Loss 

(L  )  for  Typical 

L,  A 

Fuels 

Fuels 

HHV  (Btu/lb) 

A 

A/F  ( — ) 

L  ( 
L,  A 

No.  1  Oil 

19,800 

14.56 

6.55 

No.  2  Oil 

19,500 

14.49 

6.50 

Natural  Gas 

20,120 

‘  14.45 

9.55 

Manufactured 

Gas 

18,500 

11.81 

10.14 

Propane 

21,500 

15.58 

7  .99 

Butane 

20,890 

15.36 

7.79 

Table  4 


Average  and  Typical  Design  Heating  Requirements 
for  Vented  Heaters  with  Different 
Output  Capacities 


Vented  Heaters  Output 

(Btu/hr ) 

Average  Design 
Heating  Requirements 
(KBtu/hr) 

Typical  Design 
Heating  Requirements 
(KBtu/hr) 

5,000  - 

•  10,000 

5 

5 

11,000  - 

-  16,000 

10 

5, 

10 

17,000  - 

•  25,000 

15 

10, 

15 

26,000  - 

-  34,000 

20 

15, 

20 

35,000  - 

■  42,000 

25 

20, 

25, 

30 

43,000  - 

*  51,000 

30 

25, 

30, 

35 

52,000  - 

*  59,000 

35 

30, 

35, 

40, 

45 

60,000  - 

-  76,000 

40 

35, 

40, 

45, 

50 

FEDERAL  REGISTER,  VOL  43,  NO.  91— WEDNESDAY,  MAY  10,  1978 


20191 


co 


:<* 


m 


FEDERAL  REGISTER,  VOL.  43,  NO.  91— WEDNESDAY,  MAY  10,  1978 


20192 


RULES  AND  REGULATIONS 

FIGURE  2a 
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FIGURE  2c 


800  700  600  500  400  250 


RT,S  or  rT,F  H 


FEDERAL  REGISTER,  VOL.  43,  HO.  91— WEDNESDAY,  MAY  10,  1978 


iil  SS'J1V  HO  SS'Siv 


RULES 


REGULATIONS 


20195 


FIGURE  2d 
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FIGURE  10 

WORK  SHEET  FOR  VENTED  HEATER  SYSTEM 


Measured  Quantities  and  System  Characteristic  Constants 


Calculation  of  System  Losses  and  Annual  Fuel  Utilization  Efficiency 
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